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CHAPTER ONE 
INTRODUCTION 

Advances in technology have provided more efficient, comfortable, and safer places 
in which to work as well as faster, more energy efficient products, equipment, and 
tools. However, despite these advances, many facilities, products, devices, and 
workstations are frustrating because of their complexities, inconveniences, and stress- 
producing demands which detract from the intended advantages. 

Many of these problems occur because designers have neglected or paid insufficient 
attention to the interface issues between the product and the user, especially issues 
concerning human capabilities and limitations. Poor interface Is particularly worrisome 
In real time situations. Nowhere are problems in the human-machine interface more 
apparent or their impacts more critical than in real time command and control 
environments. The time critical nature of real time command and control tasks 
exacerbates the effects o^ poor design which can result in operator inefficiency, 
increased mental workload, or, in the worst case, operator error. Many operators, not 
unreasonably, have argued that so-called human errors caused by poor design ere not 
really human errors at all, but rather designer errors; their point is that if a tool or 
machine has not been designed for use by humans, the blame should be placed at the door 
of the system designer and not attributed to the human operator. 

Over the past several decades, a good deal of knowledge has been accumulated 
about product, equipment, and workplace design. Numerous documents provide detailed 
guidelines for various human factors aspects in the design of the human-machine 
interface. However, some dimensions of the interface have, as yet, received little 
attention and, as a result, are poorly understood. The research effort documented in this 
report undertook the task of surveying the literature in an attempt to define and 
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summarize what Is known and to explore those areas which are important but, as yet, 
poorly defined. 

The filter and organizing framework used in this literature review was the human 
factors aspects and issues most relevant to NASA-Goddar<fs control rooms. Any time a 
human interacts with a machine or tool or. Indeed, any artifact created by another 
person, human factors issues arise. This research attempted to limit the domain to those 
issues which were particularly relevant to multiperson, real time, automated and 
semlautomated control environments as typified by Goddard’s Multisatellite Operations 
Control Center (MSOCC). 

This report contains an annotated bibliography which catalogues all the literature 
acquired and reviewed for this endeavor as well as a short description of each entry 
(Appendix A). The body of the report presents guidelines and user considerations for 
various human factors aspects of control room design. The organization parallels the 
state of current knowledge for these areas. The first topics are those which have the 
most known about them. They are well-defined, well-researched, and have clear-cut 
design guidelines. Subsequent chapters move into areas where the design principles 
become more speculative. Principally because of the recency of the issues (e.g., human 
factors aspects of computers in control rooms), there are many more questions than 
answers in some of these areas. The material presented in this report summarizes wi.at 
is known and identifies human factors issues where existing knowledge needs to be 
augmented by additional research. 

In chapter two, the areas of anthropometry and anthropometric design are defined 
and described. Anthropometry is the study of the human body in its structure and 
mechanical function. Anthropometric data provides design guidance for population 
norms; they describe such things as reaches for workspace layout, dimensions for working 
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positions, and range of movements of body members. Although such considerations may 
seem trivial or obvious, they are often overlooked with not insignificant consequences. 
The design of a system, workplace, or tool with less then acceptable dimensions may 
Jeopardize performance, operator safety, and system reliability. Anthropometry is on 
area which has been thoroughly explored by system designers in both military end 
government agencies as weU as the private sector. There is a comprehensive data base 
for the various anthropometric aspects of equipment and system design. The guidelines 
in this document provide a road map to anthropometric considerations of system design 
and suggest sources of design data. 

Human factors aspects of the workplace environment and woricstation design are 
well-defined and have received almost as much research attention as anthropometry. 
The design of workplace environments includes consideration of such issues as air, 
temperature, humidity, noise levels, and shift work. Workstation design addresses issues 
which include the specifications of controls and displays, panel design and layout, and 
visual and reach distances. As with anthropometric data, industries involved in process 
control, aerospace flight deck design, military weapons design and, more recently, 
nuclear power plant control rooms have all contributed to both the extensive body of 
knowledge and the related guidelines for these areas. The material in this report 
highlights the major issues and guidelines, providing an overview for system designers. 

The next two chapters directly address human factors issues which have arisen as a 
consequence of the introduction of computers and associated technology into the 
workplace. Although the distinction between hardware and software is not always cleai— 
cut, examination of the literature, design guidelines, and current research suggests that 
this may be a useful conceptualization. The hardware issues, which include the 
traditional ergonomic concerns as well as the use of color, and interaction techniques. 
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are generally a bit better defined and understood than the softv;are or informational 
issues concerning what to put on the screen (e.g.t types of dialogue, properties of 
dialogues, coding techniques, iconic displays, and displays with cognitive fidelity). These 
two chapters summarize the current body of knowledge for these areas and suggest areas 
which need furtiier research. 

Chapter seven is a potpourri of topics which are so speculative that design 
principles or guidelines have yet to be formulated. However, these topics are important 
enough to warrant careful consideration in system design. The first topic, theories of the 
human as an information processor, outlines the prevailing psychological underpinnings 
for a significant portion of the design principles which currently exist. Although most 
designers are not trained psychologists, it is important that they have some sensitivity to 
the models and theories which attempt to describe and characterize the human 
component of the system. Many designers, particularly those with an engineering 
education, are thoroughly grounded in the mechanics, strengths and weaknesses of the 
hardware components of the system and totally ignorant of the human component. A 
human factors approach to system design requires a thorough understanding of human 
capabilities and limitations. 

Discussion of the next topic in chapter seven explores some of the problems and 
desigm considerations which result when automation is introduced into the control room. 
The most significant change in the human's role is a promotion from a position of a 
manual controller to that of a system supervisor overseeing banks of computers which 
typically take over ti>e manual control functions which formerly occupied the majority of 
the operator's time. This change in role warrants an examination of the type of 
information the human requires, types of interfaces he/she needs with the system, and 
several other design issues. At thte time, these issues are merely questions; there has 
been little research as yet to provide answers. 
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Historically, research into the human factors of control rooms has been supported 
by aerospace and military system industries. As a result, svch research has focused on 
one, and occassionaly two-person control environments. NASA-Goddard's control rooms 
as well as process control and nuclear power control rooms arc rarely single person 
environments; much more typically, they are multiperson, multistation control rooms 
v/herein teamwork and coordination are serious human factors issues. The final section 
in chapter seven reviews a number of philosophies of management and examines some of 
the implications of management style on project productivity and employee morale. 

Chapter eight describes a variety of tools which can be used for human factors 
design and evaluation. They include some fairly straightforward strategies for analyzing 
systems from a human factors perspective as well as more sophisticated mathematical 
modelling techniques. The chapter concludes with a review of more speculative 
engineering methodologies. 

The final chapter contains a review of topics end issues which require further 
research. In essence, this chapter lays out the broad outlines of a research agenda of 
topics and user considerations which are important human factors aspects of Goddard's 
systems, but, at this point, do not have any clear-cut guidelines. 
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CHAPTER TWO 


ANTHROPOMETRY 


DEFINITION 

Anthropometry is the quantitative study of human beings within a given 
population. It is an essentially empirical study of the measurable characteristics of 
individuals. A body of statistical data, descriptive in nature, is collected by the 
anthropometrist from a sample drav/n from a specific population. Some populations for 
which antliropometric data have been collected include; astronauts, Korean foot 
soldiers, Air Force pilots, wheelchair-bound handicapped, and English stewardesses. The 
concentration of anthropometry upon specific populations puts this discipline into the 
category of applied sciences. The statistical distributions derived from anihropometric 
measurement are used in the design of products and systems to ensure that these 
products and systems are safe, usable, and effective when used by a specific category of 
people, such as aircraft pilots. European anthropometry places somewhat more emphasis 
on the safety and comfort of workplace products and environments, while American 
anthropometry tends to concentrate on fitting humans to technical systems. 


SCOPE 

Classic descriptive anthropometry focuses on the physical characteristics of a 
population. These measureable features include bodily dimensions, ratios of one body 
part to another, weight, volume, strength, and ranges of movement. Since World War n, 
especially in relation to the highly technical weaporis systems, airborne systems, and the 
manned space programs, anthropometry has expanded to include the measurement of 
sensory capabilities, mental and psychological variables such as those involved in 
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information processing, and physiological limitations. Physi'>logical anthromctry 
concerns itself with acceptable environmental ranges and tolerances. Environmental | 
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contaminants, illumination, sound, temperature, and humidity are evaluated for their | : 

effects on human performance. ' 
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Anthropometry also provides dynamic as well as static measurements (functional os 
well as structural). Static or structural measurement is concerned with the body at rest, 
as it might be in standing or sitting. These measurements provide useful guidelines for 
the proportions and arrangements of products and their components. Dynamic or 
functional measurement is concerned with the body at work, as it might be in running or 
driving. These measurements provide useful guideH.i.'s for the procedures governing the 
conduct of work. For example, on an assembly line, static anthropometric measurements 1 

might guide the designer in the placement of controls, while dynamic anthropometric 
measurements might guide the designer in the timing and duration of rest breaks to 
ensure the best productivity from the line. 

APPLICATIONS 

Anthropometry guides us in the design of products intended to be used by people. 

Products designed to the capabilities and within the limitations of human beings are safer 
to use, more comfortable and less fatiguing, less prone to inadvertent human error and 
misuse, and more conducive to productivity and to successful completion of tasks. While 
some anthropometric considerations may be obvious— we seldom build doors that are only 
four feet high— others require the application of more specific knowledge. The record is 
filled with tragic examples of the failure to apply anthropometric guidelines, ranging 
from the strangulation of babies in cribs, whose bars were far enough apart to allow the 
infant's head to slip through but not enough so that the head could slip back, to the death 
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of aircrews who could not fit through the escape hatch v;ith their parachutes on. Less 
dramatic perhaps is the question of illumination. We £ill know that a workplace must be 
lighted. However, few of us know intuitively the correct intensity and wavelength of 
illumination for specific tasks. 

The application of anthrometric knowledge aids the process of human-centered 
design. The most widely used anthropometric data are those of physical and 
physiological anthropometry. These guide the designer in the development of apparel and 
personal items, tools and equipment, habitats and work spaces, and healthful and benign 
environmental conditions. 

While clearly the most advantageous time for the application of anthropometry is 
during design and development stages, anthropometric data can also be quite useful 
during evaluations such as acceptance testing. Anthropometric knowledge of the user 
population can guide the design of such tests. Rather than a general criterion like "must 
be easy to open," the acceptance test can specify the fifth-percentile strength of the 
studied user population, i.e. that 95 perceit of the population have the strength to 
perform the "opening" task. 

Clearly, the productivity of a tool user is closely related to the efficiency of the 
tool, to the speed and accuracy with which work can be performed using the tool. Not 
only is this true from a strictly quantitative analysis, it is also true from studies of the 
interactions between people, their tools, and their tasks. 

This part is well illustrated by a study examining the role of the tool as an 
intervening variable between pay and motivation, based upon Locke (1968). Two groups 
of students were hired to fell trees. One group was given axes whose blades had been 
sharpened and honed. The other group was given axes whose blades had been deliberately 
dulled. They were asked to cut down trees for a certain number of hours at a particular 
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hourly wage rate. It was observed that the group with sharp axes completed the task. 
On the other hand, the group with dull axes suffered rapid attrition as people quit in 

disgust) in spitG of raises in the stipulated hourly wage* 

It is a pleasure to use products which are well designed and properly engineered for 
human use, with their characteristics such as weight, size, and proportion matched both 
to the task and the user. In contrast, poorly designed products, which ignore 
anthropometric data, are difficult and unpleasant to use. Not only wlU these tools not 
perform efflcienUy, people wiU tend to avoid using them. Rather than submit to using a 
poorly designed tool, people will, if at aU possible, contrive some alternative way to 
accomplish a given task. Rarely wiU the efficiency of the ad M aPPro^ch match even 
that of the poorly designed tool. In the light of human behavior, products which ignore 
anthropometric guidance are a bad Investment twice over. They are inferior in terms of 
technical performance; and, if they are not used, they are a dead-loss investment, 
creating further inefficiencies in the process of their circumvention. 

This report provides guidelines for the design and operation of control rooms, 
specifically in the context of Goddard's mission of real time support for satellites. The 
products and systems supported by Goddard are reasonably complex and relatively 
expensive. The costs of mission failure are high. A high level of , activity must be 
maintained, and error miust also be stringently minimized. The t;ols in use must be 
efficient products, coupling speed with accuracy in the hands of human controllers. To 
achieve these goals, the tools, products, and environment in which the tools and products 
are used must be matched to the capablUties and limitations of their users. This 
matching process necessitates the application of antlu-opometric knowledre to the design 
and operations of Goddard control rooms. Much of the guidance and many of the 
guidelines contained in this report are founded upon anthropometric data. 
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RELEVANCE OF ANTHROPOMETRY TO GSFC 

Control Room Design 

Anthropometric data will underlie the physical geometry of the control room, the 
sizing and relative placement of equipment, the type and colors of displays, and the 
shape and functioning of tools used within the control room. Largely, it is static 
anthropometric data which wiU be used as the basis for the detailed design decisions 
involved in creating the physical control room package. 

Control Room Operations 

Anthropometric data will underlie the environmental conditions to be maintained in 
the control room. In addition, they will be used to design procedures, such as the timing 
and sequencing of activities v/ithin the control room. Largely, it is dynamic 
anthropometric data which wiU be used as the basis for the detailed design decisions in 
creating the environmental and operational control room package. 

Communications 

Anthropometric data will underlie the design of communications to be used for both 
internal and external information flows among human staffers. 

Capabilities and Limitations 

Goddard control rooms wiU need to be designed to take advantage of human 
capabilities and to compensate for or avoid human limitations. While there is little 
anthropometric uata available for tlit Goddard population specificaUy, there is little 
reason to expect that Goddai-d populations would deviate from standard American 
anthropometric profiles. However, there is reason to expect, given the current use of 
Interlocking functional teams by Goddard, that there may be significant differences 
among anthropometric profiles across control room teams operating in different 
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functional areas. Payload Operations Control Center (POCC) personnel are different 
from Data Operations Control (DOC) personnel. Oui- knowledge of these differences at 
this point is merely anecdotal; we do not know if there are significant statistical 
differences among different user populations at Goddard. 

Tradeoffs 

Anthropometric data can be used in evaluating the costs between the system and 
the human user. The provision of an interface which appears transparent to the user is 
usually a complex technical effort. The adequacy of personnel training is closely related 
to the tasks at the interface of the system to its operators or supervisors. Simplicity of 
the Interface from the perspective of the user reduces the training requirements while 
increasing technical requirements laid on the system itself. 

A clear example may bo seen in the development of language translators and 
operating systems for computational machines. In the beginning, only low level machine 
languages were available for the programming of computers. Operating systems which 
automated the tasKS of physically controlling the computer were not yet conceived. 
Consequently, the programming of a computer required highly skilled and very 
technically oriented personnel, typically, graduate ’«*»el scientists, engineers, a»'d 
mathematicians. These people were then (as now) expensive and the completion of a 
progrannr*' g task that we now would perceive as trivial required considerable time. 

Over the years, more end more complex interfaces have, evolved, ranging from high 
level languages such as Pascal to multiple user operating systenr^s with virtual 
memories. The evolution of complex technical interfaces between the user and the 
underlying mechanisms of the computer has brought about a marked decrease in the skill 
and training levels required to program and operate computational systems. Not only can 
high school students now perform the same tasks that formerly required scientists, but 
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these tasks can be performed In a much shorter time and with greater reliability. 

To the extent that anthropometric data have loss influence on the design of 
products, the more circumscribed will i>e the px»l of personnel who can be trained to use 
those products and the more Involved their training must be. Conversely, the greater the 
influence of anthropometric data on design* the larger the pool of personnel who can be 
trained and the less involved the required training. (Parenthetically, these relationships 
illustrate how good design can serve social agendas within tho larger society, such as 
equal opportunity employment and affirniative action.) 

ANTHROPOMETRIC DATA 

A large bank of anthropometric data has beep compiled by NASA in support of the 
manned space program. The three-volume set, Anthropometric Source Book, pr ^ .jred 
for NASA by Webb Associates (1978), is divided into Anthropometry for Designers. ^ 
Handbook Of Anthropometric Data , and an Annotated Bibliograplsy of Anthropometry . 
This set is probably the niost comprehensive source of anthropometric uata available at 
this time. 

This three volume publication brings together a large mass of anthropometric data 
which define the physical size, mass distribution properties, and dynamic capabilities of 
United States and selected foreign adult populations. While is aimed specifically to 
meet the needs of design engineers engaged in the design and manufacture of clothing, 
equipment, and workspaces for the NASA Space Shuttle Program, the series is designed 
VO be of use to human engineers in a wide variety of fields. It Is not only a 
compreheasive source of specific anthropometric data, but also a guide to the effective 
application of such data. Subjects covered under Anthropometry for Designers include 
physical changes in the zero environment, variability in body size, mass distribution 
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properties of the human body, arm and leg reach, Joint motion, strength, sising and 
design of clothing and v/orkspaces, and statistical guidelines. The first volume includes 
1985 body size projections and manikin cutouts. Volume n, A Handbook of 
Anthropometric Data, contains data from surveys of military and civilian populations of 
both sexes from the United States, Europe, and Asia. Some 295 measured 
anthropometric variables are •’alined and illustrated. The last volume, the Annotated 
Bibliography of Anthropor.i. , covers a broad spectrum of topics relevant to applied 
physical anthropology with emphasis on anthropometry and its applications in sizing and 
design. 

Another extremely useful anthropometric data source and tool is the Humenscale 
series developed by Diffrient, Tilley and Bardagjy (1981). Humanscale is a set of heavy 
plastic cards containing data dials and accompanying explanatory brochures. Each 
Humanscale card is concerned with a different facet of human factors data, including 
baste anthropometric c : These include body measurements, link measurements, 

seating guides, seat-to>. .jle guides, geometries of wheelchair users, special data on the 
elderly and the handicapped, safety assurance, human strength, hand and foot controls, 
displays, workspaces, body access, and light and color. Humanscale is a marvelous and 
compact reference. 

These data, of course, are not specific to user populations to be found at Goddard 
or to Goddard's specific tasks. While there is little reason to suspect that Goddard 
personnel will differ greatly from more general populations in the United States, this 
absence of statistically significant difference remains to be verified or confirmed. 
Additionally, since anthropometric data are gathered with reference to some task 
environment, within which the data will be applied, the comparability of tasks at 
Goddard will also need to be confirmed in relation to general anthropometric findings. 


Later in this report, under Mockups, general recommendations are presented to conduct 
such anthropometric studies at NASA>Goddard. 

DESIGN RULES 

While in general the application of anthropometric data Is generally design specific, 
some rules ars universally valid in the application of anthropometric data to any design« 

The "Average Man" Fallacy 

The statistically average man (or woman) does not exist. This is why off-the-rack 
suits must elv.ays be tailored. Ready-to-wear clothing is designed for an "average" 
person, but none of us is overage, at the mean, in ^ our relevant dimensions. If we relax 
the average or the mean to encompass a small range on either side of the expected value, 
say five percent, the fact that bodily dimensions are only weakly coveriant leads to the 
observation that the size of the population which is average along aU of n dimensions is 
.05 raised to the nth power. Thus, retaining the example of the off-the-rack suit, 
consider that the relevant dimensions are torso length, shoulder width, torso 
circumference, and arm length, for a total of only four dimensions. In this example, 
then, there will only be .05 to the fourth, or .00000625 percent of the population fitted 
exactly be the "average" suit coat. 

The Fifth and Ninety-fifth Percentile Specifications 


Van Cott and KInkade (1972) note that: 

the ’average man' fallacy Is equally unfit for muscle strength 
and other biomechanical data. For example, in the design of 
an ejection seat, if trigger force requirements were set to the 
strength capabilities of the average or SOth-percentile pilot, 
the weaker 50 percent of pilots would be unable to escape. 

These remarks lead us to the "MlnMax" anthropometric design rulest 

1) Any minimum dimension should be set to the maximum percentile. 

2) Any maximum dimension should be set to the minimum percentile. 
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Anthropometric data are typically stated in terms of cumulative percentiles. As 
anthropometry is an applied science with practical applications, distributional statistic 
data are seldom presented. Designers need to know the maximum and mimimum to 
design for within the target population. Because it is seldom practical to design a 
product for those on the extreme tails of a distribution, anthropometric data tend to 
ignore the tails of measurement distributions. Rather, the data are truncated and 
reported at some lower and at some higlier percentile, typically the fifth and the ninety- 
fifth percentiles. Between these two percentiles will fall 90 percent of the studied 
population, a sufficient audience for most products. 

Typically, within various cost tradeoffs, a product will be specified for an 
acceptable percentage of the studied population, centered around the fiftieth 
percentile. However, we have seen that the "average man" fallacy may lead us into 
potentially disastrous designs. The "MinMax" rules tell the designer how to apply the 
anthropometric data to sizing questions. If, for example, we employ the standard fifth 
and ninety-fifth percentile limits, the "MinMax" rules guide us in the folloi.ing ways. 

Having established that anyone falling within the fifth to ninety-fifth percentiles 
should be able to use the product safely and efficiently, the designer will use the 
anthropometric data for the ninety-fifth percentile to determine any minimum 
dimensions. Conversely, the designer will use the anthropometric data for the fifth 
percentile to determine any maximum dimension. For example, an access hatch should 
be designed so that a ninety-fifth percentile man will fit through the hatch. This ensures 
that ninety-five percent of the male population and virtually all of the female population 
will be able to fit through the hatch. On the other hand, a pressure operated control 
should be designed so that a fifth percentile woman can apply pressure sufficient to 
activate the control. This ensures that ninety-five percent of the female population and 
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virtually all of the male population will be able to activate the control. 

In general, the quality of product design must be empirically demonstrated. Thus, 
guidance is given both by NASA and by Department of Defense (DOD) standards that 
products should be experimentally validated using mockups. Experimentation has two 
distinct but complementary functions in anthropometric product evaluation. On the one 
hand, a product of a design effort is tested to verify that it satisfies anthropometricoUy* 
derived performance criteria, i.e., that the intended us^ can actually use tlie product in 
the way that has been intended. On the other h6uid, the testing effort is used to gather 
further data that can be fed back into the current and future design processes. For these 
reasons, anthropometrically-based testing should begin early in the design process, long 
before the first hard prototype is produced. So that testing can commence early-on, 
mockups are used. Mockups are deliberately temporary, implemented to model the 
essential charactw; l«"ics of a design. They are constructed so that no great or fixed 
investment is Involved; having swved their purpooe, they may be discarded or recycled. 
As the design becomes increasingly firm, incorporating knowledge gained from earlier 
mockups, successive mockups may become more and more involved and lifelike. In the 
end, the mockup may actually possess all the characteristics of a prototype. In some 
eases, the mockup may pass out of the experimental laboratory into the training 
environment where it is used as a simulator. 

ANTHROPOMETRY: SPECIAL TOPIC— STANDARDIZATION VERSUS EFFICIENCY 

It serves this discussion to claim that the search for efficiency is a search for cost 
minimization in the short run, while standardization is a search for cost minimization in 
the long run. From an anthropometric standpoint, the most efficient tool is that which is 
designed for a specific user. Similar. y, from this standpoint, the most standardized tool 


I 


17 



is that which is designed for the greatest number of users. 

These claims exemplify the more general debate between the utility of general 
purpose and specific purpose products. Clearly, the product designed for a specific 
purpose is most efficient at the task for which it was designed; the general purpose 
product is less efficient for any given task but can be applied to more than one task. 

Unfortunately, the temporal aspects of this tradeoff have been largely ignored. 
Tasks succeed previous tastes, and users succeed previous users. The tool optimized for a 
specific task in the hand: of a specific user can be justified only in terms of a short- 
range optimization. The product specific to a given user and a given task possess^ little 
adaptability. As soon as the task 6uuVor the us^ changes or is changed in any way, the 
optimization is lost. Within this design approach, succeeding tasks and/or users require 
new investments in optimized products. The product which previously optimized the 
user/task relationships becomes rapidly obsol^cent, in short, a dead weight loss. The 
alternative is to continue to employ the product even though it is no longer optimized. 

The argument here is that investment in specialized or task/user optimized 
products captures capital in a fixed form wWch inevitably is rendered obsolete. The 
capital thus frozen is incapable of being changed into a new form more adapted to the 
current task/user environment. Its costs cannot be amortized over more than one 
specific usage period. 

Of course, (deducts wear out over time. The classic argument has been that, since 
both special purpose and general purpose products have the same life expectancy, the 
extra cost of specialization is outweighed by the extra revenue generated by the 
efficiency of the product. This argument does not prevail, however, when the tesk/user 
environment alters v/ithin the lifetime of the product. In turbulent environments, this is 
actually to be expected, especially in high technology product areas. In other words, the 
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classic arguments for specloliraticn, based upon a useful life which is less than the period 
taken to render the product obsolescent, are not valid in a number of high technology 
areas. The rate of change renders a product obsolete before its useful life has ended. In 
this case, to prevent the investment from being lost, the produet must be designed to be 
able to adapt or adjust through technical stages, to be reconfigured. This requires a 
product which is genial purpose rather than specially optimized. While performance 
will be reduced during one phase or technical stage, the entire investment need not be 
written off in subsequent stages. 

With some reflection, it should be clear that these tenets are fundamental to 
philosophic of modular design. As a superior technical product becomes available, it can 
be used to upgrade a module of a total product without necessitatiiig the rebuilding of 
the entire product. In commercial hardware and software design, it has also been 
recognized ttuit modular construction also decreases repair end maintenance down-time 
and costs. 

These same observations apply to the integration of user and machine on the basis 
of anthropometric data. Equipment optimized for a particular use population is of little 
residual use when the characteristics of the user poEHilatiai change. It is for this reason 
that we seldom use custom tailors to provide clothing for our growing children. 

The current manned space program provides uniquely tailored suits for astronauts. 
As the population of people travelling into space increases and turnover in that 
population grows, this practice Is one that v/ill be rapidly discarded in favor of off-the- 
rack suits which can be reused by other or subsequent travellers. 

These same rationales apply to control room products designed for Goddard use. 
This argument suggests that these products should be designed for the widest 
anthropometric utility, so that the widest class of users can appropriately and 
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productively work with these products. 

An example of this approach is in the packaging and siting of CRT displays. It has 
been traditional at Goddard to provide CRT displays as built-in components in rack- 
mounted configurations. This practice optimizes the interface between the CRT user 
and the CRT to a very narrow range. In contrast, anthropometric data would suggest 
that CRT devices be independently mounted on stands which are adjustable in several 
dimensions. 
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CHAPTER THREE 
ENVIRONMENTAL ISSUES 


The human factors literature contains many documents specifically pertaining to 
environmental Issues and corresponding design guidelines. Many appear agency specific; 
but, upon closer examination, they provide a wealth of information that generalizes to 
command and control environments. This chapter reports the established environmental 
concerns, suggests some new ones, provides source documentation, and fosters 
recognition of the Importance of environmental issues in design. 


GOALS OF ENVIRONMENTAL DESIGN 

The purposes of considering the environment of a work area when designing the 
area are to ensure optimal working conditions and to achieve several goals. Bailey (1982) 
si^ests four important goals of environmental design. 

Performance Support 

Work environments should support the user in his/her task performance. Basic 
safety needs (e.g., lighting, ventilation) as well as minimal workspace requirements must 
be met. Equipment must be designed to complement both the task-and-user and the 
surrounding environment. Equipment should also enhance the environment rather than 
detract from it, i.c., be available when necessary and not cause clutter. The user's 
psychological state affects performance and should be positively influenced by the 
environment. 

Organization Support 

The environmental design of a work area should support the organizational image 
and reinforce a sense of Importance and membership in the user. Designers should be 




aware of this and take steps to create an environment that projects a positive 
organizational image. 

Normal Environments 

Designs should support the existence of normal environmental conditions. Critical 
conditions such as temperature levels and air quality must be maintained within normal 
ranges and should not vary greatly over work shifts. 

Assisting Learning 

The fourth goal of environmental design is to assist the user in learning about the 
work area and the required tasks. Readily available documentation, clear, concise 
labeling, and facilitation of communication lead to achievement of this goal. 

PHYSICAL ENVIRONMENT 

Environmental factors of a work area can enhance or degrade the performance of 
the human/machine interface. Designers focus on physical environmental factors often 
to the exclusion of social environmental factors. However, social factors are important, 
and help to ensure safe, comfortable working conditions. 

Temperature 

The consensus regarding environmental temperature is that comfortable levels can 
be and should be maintained within a work area. 

Heat and Performance. The experimental results on the effects of heat on 
performance are mixed. Bailey (1982) reports that heat levels of 90 degrees F can 
enhance performance for some tasks while degrading it for others. He suggests that, 
while the effects of heat differ from individual to individual and are task dependent, they 
nevertheless exist and must be compensated for by environmental design. Figure 3-1 
suggests some recommended exposure times to heat. 
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Cold and Perform enco. Tho effects of cold temperatures on work performance 
have not been studied as extensively as those of heat. Individual differences in respoMe 
to cold interact with differing task activity levels to produce a range of effects. Where 
colder environments are mandatory, designers should consider protective clothing, select 
out personnel who are unable to tolerate the temperatures, allow sufficient time for 
wwker adaptation, and ensure reasonable activity schedules (Bailey, 1982). 

Recommended Tem perature Levels. The Department of Defense (1981) and the 
D.S. Nuclear Regulatory Commission (1981), along with other agencies and institutions, 
recommend the following guideUucs for work environment temperatures: 

o The heating levels should not fall below 65 degrees F. 

o The air conditioning levels should not exceed 85 degrees F. 

o Cold or hot air should not discharge directly onto 
personnel. 

o Temperatures at floor level and at head level should not 
differ by more than 10 degrees F. 

Air Quality 

Another important physical environmental factor is air quality. Basic safety needs 
must be met under all circumstances. Comfort should also be provided for performance 
benefits and to reduce the likelihood of fatigue and stress. 

Humidity Leveb. Humidity and temperature levels interact to affect the air 
quality of a work area. MIL-STD-1472C (1981) and NUREG-0700 (1981) recommend that: 

o Relative humidity levels should range from 45% to 50% 
when the temperature is 70 degrees F. 

o As temperatures rise, humidity levels should decrease 
relatively. However, to ensure physical comfort, they 
should not fall below 15%. 

o Humidity levels should not vary greatly over work shifts. 
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Figure 3-2 iUmtratcs the comfort zone for humans as a function of humidity and 
temperature. 

Ventilation. Proper ventilation reduces the likelihood of fatigue and provides a 
healthy work environment. MIL-STD-1472C (1981) recommends that: 

o A minimum of 30 cubic feet of air per minute, per person, 
should be introduced to the work area. 

o The intakes for ventilation systems should not be located 
near contaminated air sources (e.g., exhaust pipes). 

NUREG-0700 (1981) suggests the air velocity of ventilation systems be considered. It 

recommends that: 

0 Air velocities should not exceed 45 feet per minute 
measured from head level. 

o Noticeable drafts should not be present. 

Illumination 

In order for workers to best perform their tasks, they must be able to see 
adequately. Sufficient light must be provided, dependent upon the task being 

performed. Adjustable illumination levels should be available to the worker since 

individual needs vary for optimal performance (Bailey, 1982). 

Recommended Levels. Figure 3-3 gives some recommended illumination levels 
relative to the task being performed. Farrell and Booth (1975), MIL-STD-1472C (1981), 
and NUREG-0700 (1981) all suggest the following guidelines for work area illumination: 

o To reduce chance for worker eyestrain, fatigue, and 
reading errors, the level of illumination should not vary 
greatly over the work area. 

o Supplemental lighting should be available if needed. 

o Indirect or diffuse lighting should be used to prevent 
shadows. 
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Figure 3-1, Bailey, p. 499, 1982. 
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Figure 3-2, lailey, p. 500, 1982. 





Glare. An illumination related problem especially evident in work areas using video 
display terminals (VDTs) is glare. It increases the possibility for reading errors and 
encourages eyestrain. Therefore, designers should seek to eliminate both direct glare, 
i.e., edare due to actual light sources and reflected glare, i.e., glare from illuminated 
surfaces. Cakir, Hart and Stewart (1980) and Farrell and Booth (1975) suggest using 
indirect or diffuse lighting, eliminating distracting contrasts in work areas, and adjusting 
the VDT screen or covering it with a filter to eliminate glare. 

Noise 

Another important design issue involves auditory noise levels within work 
environments. Noise can be detrimental to the worker's performance, irritating, 
fatiguing, and unsafe if loud enough. Acceptable levels of background noise for effective 
communication are dependent upon the speaking voice being used and the distance 
between speaker and listener. Some reports even indicate that a complete absence of 
noise can be detrimental to worker performance (Bailey, 1982). 

Effects on Communication. Figure 3-4 illustrates the effect of background noise on 
communication. As shov«n, effective communication rapidly becomes difficult as noise 
levels increase. Excess noise can be distracting and can lead to critical 
misunderstandings. 

Effects on Safety. Noise can be detrimental to the worker's physiclocrical well- 
being. Loud, low frequency noises produce the most serious hearing impairmr.nts, while 
high frequency noises are most annoying, and intermediate frequency noises interfere 
most in speech intelligib'lity (Bailey, 1982). 

Recommended Levels. MIL-STD-1472C (1981) and NUREG-0700 (1981) state the 
following guidelines for noise levels in work environments: 
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o Background noise levels should not ex .*»’ed 65 decibels. 

o Noise distractions should be minimized. 

o Acoustical materials should be used to limit reverberation 
time to one second or less. 

Maneuvering Space 

The physical environment should be spacious enough to allow workers to move 
around comfortably while performing tasks and undertaking routine maintenance. 
NUREG-0700 (1981) suggests the foUowing: 

0 A minin\um of 50 inches should separate the front edge of 
one equipment row and the back of the next. 

0 Each worker at a workstation should have a maneuvering 

space 30 inches wide and 36 inches deep, minimum. 

o When two rows of equipment face one another with more 
than one individual working between, a minimum 8 foot 
separation is necessary. 

Vibration 

Both body and equipment vibration should be controlled for optimal task 
performance. MIL-STD-1472C (1981) suggests vibration levels acceptable for safety, 
proficiency, and comfort. Figure 3-5 provides the base values for the following 
guidelines: 

0 For safety, vibration levels should not exceed twice the 
acceleration values listed. 

o For proficiency, vibration levels should not exceed the 
listed acceleration values. 

o For comfort, acceptable vibration levels are determined oy 
dividing the listed acceleruiion values by 3.15. 

Ambience 

An often neglected physical environmental factor is one wliich interacts with the 
social environment. The ambience of a work area affects the psychological state of the 
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worker (Seminara, Gonzalez, & Parsons, 1977) and, In turn, influences his/her 
performance. Most existing guidelines do not address this Issue clearly but do make 
several si^estions. NUERG-0700 (1981); Seminara, Eckert and Seidenstoin (1979, 1980); 
Seminara, et al. (1977); and Seminara and Parsons (1979) suggest the following: 

o The surrounding atmosphere should be visually pleasing; 
colors should be coordinated and cheerful, and visual relief 
from banks of instrumentation should be provided. 

0 The environment should look and smell clean. 

0 The user's needs and comfort should be provided for, e.g., 
restroom and eating facilities are necessary. 

SOCIAL PSYCHOLOGICAL ENVIRONMENT 

As suggested by Bailey (1982), any work environment is made up of two 
components: the physical and the social psychological. Physical aspects are concrete and 
easily lend themselves to a guideline format. The comparatively abstract social 
psychological factors are not always considered in design because of the inherent 
difficulty in quantifying them. Thus, they are difficult to place in guideline format. 
What follows are design considerations pertaining to the social psychological environment 
of work areas. 

Shiftwork 

The continuous staffing of most command and control rooms necessitates 
shiftwork. That the ramifications of this necessity are often not considered by the 
designer at all is a mistake since much research indicates stress generated by shiftwork 
can both directly and indirectly affect the worker's performance (Colquhoun & 
Rutenfranz, 1980). The effects of shiftwork should be understood by designers to benefit 
both the Individual and task performance. 


P hysical Effects. The human body physically operates on a fixed twenty four hour 
schedule known as a circadian rhythm. Shiftwork Interrupts this established pattern by 
changing eating, sleeping, and activity habits. The effect shiftwork has on physical 
variables such as body temperature and excretion of adrenaline and ncr-adrenallne is 
called "re-entrainment." This process of adaptation to a new circadian rhythm Is a slow 
and Incomplete one because It Is unnatural for the body to be operating In different 
rhythms. Sleep deprivation and Inadequate digestive functions can result. In turn, the 
individual's health, psychological well being, and work performance can suffer. 

E ffects on Performance. Research indicates that the major effect shiftwork has on 
performance is a decline In alertness during night time hours (Colquhoun & Rutenfranz, 
1980). Amount of sleep appears to Interact with the type of tasks being performed in 
determining alertness during shifts. For command and control environments, these 
rraearch findings suggest the need for a complete evaluation of task demand;^ cveful 

time allocation of tasks between shifts, and a shift design that facilitates adequate sleep 
patterns. 

Effects on Health. Mixed results have been obtained in experimental studies on 
health effects of shiftwork. Some report greater incidence of sickness for shiftworkers 
(Akerstedt & TorsvaU, 1970; Angersbach et al., 1980; KoUer, Kundi, & Cervinka, 1978), 
whUe others indicate no differences in health between shiftworkers and dayworkers 
(Taylor, 1967; Taylor ic Pocock, 1972). Colquhoun and Rutenfranz (1980) distinguish 
between degrees of sickness reported due to shiftwork: actual physical disease and 
"psychosomatic" complaints. However, the existence of either type has negative effects 
on the individual and task performance. 

P sycho-Social Effects. The p3yeho-soc«il effects of shiftwork are difficult to 
quantify because they are individual and personal, but anyone who has worked different 
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shift schedules will attest to the importance of these effects. The small amount of 
experimental research done on this topic indicates that dislike of shiftwork Is associated 
with reports of health effects and Interruptions in social activities (Wedderburn, 1967). 
The same study also reports higher job satisfaction for those who like shift work and the 
one positive aspect of shiftwork, more time off and/or temporal flexibility. Banks 
(1956), in a study of wives of shiftv;orkers, found the most frequent complaint was the 
interruption of weekend activities. The social and inter personed effects of shiftwork 
appear stressful, but more experimental work on the topic must be done before any firm 
conclusions are drawn. 

Design of Shiftwork. There are several disadvantages associated with shiftwork as 
evidenced in the literature. However, since its necessity is irrefutable, a compromise 
must be reached. Shift systems should be designed to minimize the negative effects of 
shiftwork. Knauth, Rohmert, & Rutenfranz (1979) suggest the following criteria for 
shiftwork design: 

o For strenuous tasks, shifts longer than 8 hours must be 
avoided; for monitoring tasks, 12 hour shifts are the limit. 

0 The number of consecutive night shifts must be limited; 
preferably only single night shifts should be interspersed in 
the shift plan. 

o Each night shift nuist bs followed by 24 hours of free time. 

o Each shift plan should contain full weekends with at least 
two consecutive free shifts. 

o The number of free days per year for night shift workers 
should be at least as large as for constant day shift 
workers. 

Presence of Others 

The social psychological work environment involves groups of people as well as 
individuals. Psychological theories pertaining to group processes and effects abound. 


The documented "social facilitation effect," also known as the Hawthorne effect, 
illustrates how the pr^ence of others increases arousal and performance. This effect 
levels off over time unless new variable are introduced into the social environment. 
Designers should be wary of placing individuals in continuously isolated situations; social 
interaction should be facilitated to increase its potentially positive effects. 

Personal Space and Privacy 

Social psychological research also suggests that human beings have a need for 
personal space and privacy as well as interaction with others. Too much open space In a 
work environment or the opposite, crowded conditions, leads to discontent with the 
layout. Workers should be provided adequate space to call their own, ensuring optimal 
satisfactioi and performance. 

Role Definition 

Any work environment should facilitate optimal performance and worker 
satisfaction. Another important aspect of the psychological environment is sufficient 
role definition for the individuaL The worker benefits from a sense of integration, a 
notion of fitting into the scheme of things. Verbal job and role explanations as well as 
examples given by managenient at all levels also help. These actions foster a sense of 
responsibility in individuals. If workers understand what they are doing beyond a 
superficial level and why they are doing it, better performance often results. 

FURTHER RESEARCH 

Currently, there are many environmental issues not fully understood that could 
benefit from further research. Little is known about the social and psychological effects 
of shiftwork. Shiftwork design for optimal task and personal schedules is not always 
considered. More experimental research on the effects of different schedules is 
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necessary to determine those optimal schedules. The effects of hot and cold 
temperatures on performance are not clear, also ceUlng for more experimentation. 
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CHAPTER FOUR 
WORKSTATION DESIGN 




The anthropometric data and environmental guidelines provided in the two previous 
chapters form the foundation of many consid6*ations within this chapter. Ergonomic 
aspects of workstation design and the correcpcnding guidelines are well documented 
within the human factors literature. Several source documents exist, and it is important 
for the system designer to be aware of their contents. This chapter presents workstation 
design issues and guidelines pertinent to the command and control environment at NASA- 
Goddard. 


PRE-DESIGN CONSIDERATIONS 

Before implementing any workstation design, system planners must have a thorough 
understanding of all components within the work area. 

Review Documentation 

The first step in the design process is to review all documentation specifically 
pertedning to whatever task the workstation is being designed for. A complete 
understanding of the task at hand will necessarily make the resulting workstation more 
effective. Functional requirements documents are good sources of task information and 
should be reviewed. Knowledge of all required tasks and their functions is important 
because designers are often responsible for planning several different workstations, and 
each should be individually tailored to the task. Documentation reviews help provide 
that necessary, specific understanding. 

Hardware 

The hardware, or equipment and physical facilities, comprises another v . 'kstatlon 
component. The capabilities and limitations of each piece of h.i- ’ are under 
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consideration for inclusion in the workstation must be clearly understood by the 
designer. Many plec^ of equipment are task required (e.g., VDTs for monitoring tasks), 
and the designer must complement these pieces with a choice of other equipment that 
provides an integrated workstation (e.g», consoles and chairs for VDT monitoring tasks). 
Again, reviewing functional requirements documentation helps; vendor documentation 
and past user observations will also give the designer hardware knowledge* Thorough 

understanding of hardware limits and capabilities leads to better, more efficient 
workstations. 


User Population 

The other component designers must consider may be the most important. 
Workstations must be designed so that humans can use them and use them effectively* 
User population statistics, the basis of antliropometric data, should always be considered 
when planning workstations. Physical design should accomodate extremes, the 5th and 
95th percentile user* In some situations it is necessary to have specific user population 
measurements for design purposes (e.g., manned spacecraft workstations), while in others 
existing general user population statistics are acceptable (e.g., data entry 
workstations). Designei^ should also be aware of physiological and psychological aspects 
of users* Human visual and auditory abilities should be recognized, as well as 
information processing capabilities and limitations* These considerations decrease the 
likelihood of fatigue, stress, and error and arc most effective when part of the pre-design 
effort. 



PHYSICAL LAYOUT 

A successful workstation def.ign (i.e. one that is easy to use and efficient) greatly 
depends upon the physical arrangement of all components. Existing guidelines tend to 
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focus on single person workstations, and the following guidelines have the same focus. 
Little experimental work has been done concerning multiperson workstations, but several 
related conceptual issues have been identified. A section of Chapter Seven in this 
document deals with these conceptual issues. 

The guidelines presented here concerning physical layout are drawn from the 
following documents: McCormick (1976), M1L-STD-1472C (1981), NUREG-0700 (1981), 
Seminara, Eckert and Seidenstein (1979, 1980), and Van Cott and Kinkade (1972). 

Accessibility 

AU equipment, displays, and controls should be easily accessible. Emergency or 
warning components should be located with direct access. The physical layout should 
also {^vide for maintenance access. 

Coverage 

t The physical layout of equipment should facilitate and be consistent with staffing 

levels. If workstations are staffed by one or two persons, the critical operations controls 
and displays should not be sjgead out over a large area. The converse is also true; if 
large crews staff a workstation, adequate physical space for operations should be 
provided by the layout. 

Furniture and Equipment 

Furniture and equipment layout should facilitate ease and efficiency of use for the 
worker and the task. Several considerations are necessary for arranging furniture and 
equipment. 

Visual Access. Workers need to view all critical task components easily and not 
have to physically strain to see them. This necessity implies size and distance 
considerations based upon specific user and task demands. 
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Communication Access. Workers should be able to communicate e&sily with others 
in the workstation. Excess noise should be avoided as should communication "barriers" 
created by equipment location. 

Circulation. Flow of communication and physical movement should be facilitated, 
implying integrated and uncluttered workstation layouts. Both physical and verbal 
interference between users should be avoided. 

Maneuvering Space. Users must have adequate space for moving in and out of the 

workstation. NUREG-0700 (1981) recommends, 

o There should be a 36 inch minimum between the back of 
the workstation and any opposing surface. 

o Users should have a lateral space of at least 30 inches. 

In both cases, if more space is available, increased seperation is preferred. NUREG-0700 
(1981) also makes some recommendations for equipment-to-opposing-surface distance. 

o A minimum of 50 inches is necessary to separate the front 
edge of equipment rows from opposing surfaces when only 
one person attends the equipment. 

0 When more than one person attends a row of equipment, at 

least 8 feet must separate that row from another opposing 
surface. 

Peripheral Concerns 

Workstation designers should consider peripheral layout concerns as well as major, 
obvious ones. These concerns are often overlooked, yet they are important for a 
complete human factors approach to physical layout. 

Documents . Documents necessary for reference purposes should be located within 
easy reach of the user. They should be clearly labeled and movable. Also, they should be 
easy to use, of a standard size that Is not awkward to handle, in good condition, and 
bound so as to lie flat when opened. 

I 
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Supervisor Access and Communications. The supervisor should be located with 
direct access and communication to the workstation, if not centrally locoted within it. 

Other Personnel Access. Access to workstations for non-related personnel should 
be limited for security and task purposes, but available for emergencies and daily 
personnel interaction. A balance should be struck between the two, depen lent upon the 
situation. 

EQUIPMENT DESIGN 

As stated earlier, one major component of a workstation is the equipment or 
hardware. There are several equipment dimensions for the designer's consideration, and 
the diversity of work environments necessitates a wide realm of choice. Goddard’s 
command and control rooms consist mainly of control consoles with VDTs and seating. 
The following guidelines focus on console and chair design. Workstation planners should 
also be aware ■ 'ing guidelines for other types of equipment (c.g., desk dimensions 
and VDT data entr ■ r"'inals). 

Console Dimensions 

It is assumed that workstation users are engaged in either seated, standing, or sit- 
stand operations. Console dimensions differ accordingly. 

Standing Operations . Guidelines pertaining to console dimensions for standing 
operations found in MIL-STD-1472C (1981) and NUREG-OrOO (1981), are summarized 
below; 

o If the operator needs to see over the workstation console, 
the maximum height to accomodate the shortest user is 58 
inches. 

o The control height is determi;<ed by the function!.! reach 
radius oi‘ the operator, 25-35 inches for the 5th percentile 
female and 95th percentile male, respectively. 
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0 Controls sho'dd bo set beck from the eor.solv> edge a 
minimum of 3 inches to prevent accidentol activation* and 
net more than 25 inches, ensuring reaeh by the shortest 
user. 

o When other work surfaces are required, it is recommended 
they be 25 inches from the floor. 

o Aeeeptable display height is between 41 and 70 inches 
above the standing surface. 

o A kiek space, 4 inches deep and 4 inches high, is 
recommended, allowing the user to get close to the 
console without leaning. 

Seated Operations. The seated operator is typically found in NASA-Goddard*s 
conirel rooms; this position is best suited for the requisite tesks as research shows the 
seated position is superior to a standing one in terms of fatigue. It appears that the arms 
can perform light work much longer when the operator is seated tha»i when he/she is 
standing. Cakir, Hart and Stewart (ISSi'), Farrell and Booth (1975), MIL-H-46855B 
(1979), MDL.-STD-1472C (1981), NASA RP 1024 (1973), NUREG-0700 (1981), and 
I Seminara, Eckert and Seldenstcin (1980) suggest the following workstation design 

guidelines for the seated operator: 

o If the operator needs to see over the worlcstation console, 
the maximum height to accomodate the shortest user is 45 
inches. 

o Control height should be within the functional reach of the 
5th and 95th percentile user, a range of 8-34 inches above 
the sitting surface is suggested. 

0 Controls should be set back from the console edge a 
mininum of 3 inches, to prevent accidental activation, and 
not further than 25 inches, ensuring reach by the 5tn 
percentile user. 

o Acceptable display height is between 6 and 46 inches above 
the sitting surface. 
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0 The optimal distance for viewing displays, especioUy VDT 
displays, is 20 inches. 

o The console controls should be laterally spread within the 
functional reach of the operator, between 25 and 35 

ineh'^^'. 

o When writing surfaces are required for the console, it is 
recommended they be a minimum of 16 inches deep, 24 
inches wide, end 29-31 inches above the floor. 

Sit-Stand Operations. When users need both mobility to monitor large areas and 
stability for precise tasks, sit-stand operations are recommended. 

o Display height should be the same as that used for standing 
operations, between 41 and 70 inches above the floor. 
Recommended control height is also the same as for 
standing operations, between 34 and 70 inches above floor 
leveL 

o Chairs should have adjustable seat height, between 26 and 
30 inches from the floor, with 18 inch diameter circular 
footrests, 18 inches below the top of the seats. These 
recommendations ensure that seated eye height is the 
same as standing c'ye height. 

^ Seatinsf Dimensions 

When the focus shifts to the needs of a seated workstation operator, two aspects of 
design become very important. One is the provision of sufficient leg and foot room so 
the operator can remain comfortably seated. The other is the piece of equipment the 
operator is seated in - the chair. The chair should be designed to complement the task 
and the user's needs. If the operator is comfortably seated, chance for fatigue and stress 
is reduced. The likelihood of error due to awkward, uncomfortable positioning is also 
reduced. The following summarizes the guidelines pertaining to the seated operator from 
the above-mentioned source documents. 

0 The space needed for knee room should be a minimum of 
18 inches deep. 
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o The minimum distance for knee clearance between the 
seat and table is 8 inches. 

o Footrests for short users should be provided, and if a 
console that extends to the floor is bein? used, a kickspace 
4 inches high and 4 inches deep should be provided. 

o The chair should provide mobility for the operator; it 
should swivel and have casters. 

o Because the optimum angle bet’.veen chair seat and back 
for office tasks is 100 degrees, chairs should have 
adjustable back ests. It is further recommended that the 
seat bottom be adjustable to heights between 15 and 18 
inches from the floor. 

o The chair seat should be at least 17 inches wide and 15-17 
inches deep and should have a downward sloping front edge 
so tlie backs of the operator's knees and thighs are not 
compressed. 

o The seat and backrest should have at least 1 inch of 
cushioning. 

o When the operator's task is data entry arm rests should not 
be used; when the task involves a long-term seated 
behavior like monitoring, arm rests should be provided. 

0 Operators should be made aware of the adjustable features 
of their equipment and how to use them. 


COMMUNICATION SYSTEMS 

The integration of several individual work areas and people is often necessary in 
command and control environments. Communication systems help achieve this 
integration and comprise an important workstation design element. There are different 
systems, each best suited for different tfiL\*s. NUREG-0700 (1981) reports on several and 
is the source of the following guidelines. 

General Requirements 

Operators should be provided with near by, clear instructions for each individual 
system. Contingency instructions should also be provided in case of system failure. 
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Periodic maintenance checks are recommended; they reduce chance for system failure 
and ensure that the system is optimally effective in response to any new environmental 
changes. 

Telephone Systems 

Command and control environments require both internal and external telephone 
lines. The lines should have a standard frequency bandpass of 200-3300 Hz to ensure 
intelligibility. The telephones themselves (handsets) should be located close to the 
operator, be easy to use, have cords of sufficient length that do not tangle, and have 
clearly labeled switching mechanisms. The distinction betv/een internal and external 
lines should be clear; labeling, color coding, and spatial grouping help achieve this. 
Headset telephones should be lightweight, comfortable, and have adequate storage space 
provided. 

Radio Systems 

Radio communications (e.g. walkie-talkie and UHF transceivers) should also provide 
a standard frequency response within the 200-3300 Hz range. Care should be taken that 
these communications do not interfere with the computerized equipment, each other, or 
Other command operations. 

Announcing Systems 

Announcing systems consist of amplifiers, loudspeakers, and microphones. The 
integrated system should provide standard frequency response within the 200-3300 Hz 
range for adequate intelligibility; better communication is ensured using a 200-6100 Hz 
range. Microphones should be sensitive and of a quality commensurate with the rest of 
the system. Loudspeaker location should provide adequate coverage; intelligible sound 
levels should be found throughout the workstation. Loudspeaker volume should be 
adjustable. Designers should also be sensitive to priorities of the different 
communication systems, especially during warning or emergency situations. 
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Auditory Warning Systems 

An auditory warninit system is a funotion-speeifie communication system used in 
command and control environments. NUREG-0700 (1981) suggests the following 
guidelines: 

o Each auditory signal should be clear, unambiguous, end 
distinctive in meaning; similar signals should not be 
contradictory in meaning. 

0 Signal coding must be distinctive: pulse coding should 

ensure adequate repetition; for frequency coding use no 
more than 5 separate frequencies within a 200-5000 Hz 
range. 

o Signals should sound directly at the work area center. 

o Signals should be audible throughout the workstation. 

o The optimum frequency range for auditory warnings is 
within a 500-3000 Hz range. 

o Signal intensity should be at least 10 decibels above 
average environmental noise, but total noise should not 
exceed 90 decibels. 

o Auditory warning systems should be tested at adequate 
intervals, to ensure their proper working order and reduce 
chance for false alarm. 


COMMAND PANEL DISPLAYS 

In a command and control setting, the operator's focal point in the workstation is 
the command panel. The function of this workstation component makes it the most 
important piece of equipment there. Command panels have two major features - displays 
and controls. Displays are addressed first and command panel controls ore discussed in 
the next section of this chapter. 

Selection and Choice 

Many types of displays are available, and the designer mast make a cimice based on 
function and task requirements. Figure 4-1 lists five common displays and shows what 
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RELATIVE EVALUATIONS OP BASIC SYMBOLIC INDICATOR TYPES 
(ADAPTED FROM VAN COTT AND {QNSCADE* HUMAN ^NCINEERING 
r.iiinK TO EQUIPMENT DESIGN! 
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tasks they are best suited for. A good display will present the Information to an operator 
in an easily understood form. When precise, real time information is needed, a digital 
counter display is best used. If the operator needs to make a relational judgment among 
a few discrete conditions, moving pointer and trend recorder displays are appropriate. 
When the task requires an input of some setpoint value, as might be needed in an 
automatic control system, digital counters and moving pointers best display the 
necessary information. If the operator is tracking the sj’stem over time while controlling 
it, moving pointer and trend recorder disnlays are best used to provide Uie needed 
information. Indicator status lights are best suited to display qualitative information 
(i.e., on/off, normal/abnormal). 

When designers choose displays for the command panel, they should consider other 
factors that potentially influence display effectiveness. The surrounding environmental 
illumination will affect the Illumination levels of the displays themselves. A proper 
contrast will be necessary for the operator to see the displayed information. The viewing 
angle of displays should be considered in order to minimize possibilities for glare. The 
viewing distance is another important factor, affecting the scale and numeral size of the 
displays. 

Coding 

When choosing a coding technique for displays, Bailey (1982) suggests that designers 
consider the following six factors. 

0 Kind of information to be displayed, 
o Amount of information to be displayed, 
o Space requirement for the code, 
o Ease and accuracy of understanding the code, 
o Interaction among displays at any given time. 


o Code compatibPity and the code discrimlnability. 

Color . Several coding; techniques arc avaQable. Color coding is often usedi and 
often misused, but it is a valuable technique when used properly. The main problem with 
color coding is indiscriminate use. There must be a strong reason for using a specific 
color for a specific display. Bailey (1980), NUREG-0700 (1981), and Szoka (1982) suggest 
the following guidelines for color coding information: 

0 Color should be used to provide redundant information. 

o The number of colors used should be kept to a minimum; 
for CRT graphic purposes three is the maximum. 

o The meaning attached to a color should be clear and 
unambiguous. 

o Red and green should be used only to indicate warning and 
normal/on/go conditions, respectively. Amber or yellow 
should be used to indicate caution. 

o The meaning attached to a color should be consistent 
throughout the workstation. 

0 When color is used to code labels redundantly, the 
meanings should be consistent (e.g., if the label reads RUN 
the color should be green, not red, etc.). Figure 4-2 
provides some common word-color associations that should 
not be violated. 

o The colors used should contrast weU with the background 
they appear against. 

Figure 4-3 lists 22 colors of maximum contrast. Each successive color contrasts 
maximally with its proceeding color and satisfactorily with the other colors before it. 

Other Coding Techniques. Shape and size coding, as well as numeric, and letter or 
word coding provide an even wider range for presenting additional information. Various 
categories are easily represented using these techniques. Again, overuse should be 
avoided, and clear and consistent meanings should be attached to the codes. 
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Figure 4-3. NUREG-0700, p. 6.5-13, 1981. 
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COMMAND PANEL CONTROLS 

The other major command panel feature is the controls. 

Selection and Choice 

The designer has a wide range of control choice; and, as in the case of display 
choice, task requirements help determine the best one. Figure 4-4 illustrates several 
control types and the functions for which they are best suited. When starting and 
stopping devices are required, push buttons and toggle switches should be used. If the 
operator needs to select one of several discrete options or to set the control along a 
continuous quantitative range, several controls can be appropriately used (as shown in 
Figure 4-4). When the operator is continuously controlling a simple system, knobs, 
thumbwheels, and levers are the best kinds of controls to use. If the task is to input 
large amounts of data to a system, keyboards should be used. In regard to selection and 
design, Bailey (1982) suggests: 

o Critical and frequently used controls should be located 
within easy reach. 

o The physical abilities required for control operation should 
not exceed the capability limits of the least capable user. 

o The total number of controls should be kept to a minimum; 
there should be good reason for requiring a control. 

o Control movements should be simple, easy, and as short as 
possible. 

o Controls should be designed and located to prevent 
accidental activation. 

0 Controls should provide selection, verification, and 
feedback information to the user. 

Compatibility 

Controls should operate within population stereotypes. Figure 4-5 lists several 
functions and the corresponding actions that best achieve them. Related controls and 
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COMMON TYPES OP CONTROLS AND THEIR PREFERRED FUNCTIONS 
(ADAPTED FROM lIcCOHMICK, HUMAN FACTORS IN ENGINEERING AND DESIOW 
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Figure 4-A, Semlnara, Eckert and Seldensteln, p. 3-15, 1980, 
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U.S. POPULATION STEREOTYPES OF 

CONTROL ACTIONS AND CORRESPONDING FUNCTIONS 
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Figure 4-5, NUREG-0700, p. 6.4-6, 1981 
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displays should be cotnpatable in location, direction of movement, labeling, and coding. 
The operator should be required to perform a minimum of decoding and translation 
between related controls and displays. Likelihood for error and reaction time decrease 
with high control-display compatibility. 

Coding Techniques 

Several source documents idjntify and recommend different coding techniques 
(BaUey, 198?; MIL-STD-1472C, 1981; NUREG-0700, 1981), and each shall be considered 
with regard to command panel controls. Criteria for choosing a coding method include 
(Bailey, 1982): 

o Total demands on the user when the control must be 
identified. 

o Extent and methods of coding already in use. 

o Illumination of the user's workplace. 

o Speed and accuracy with which controls must be 
identified. 

o Space available for the location of contols. 

o Number of controls to be coded. 

Color 

Guidelines for color coding of controls are the same as those for displays. 
Consistent meaning and use of the color coding scheme is required. 

Size . The use of controls coded by size alone implies: 

o No more than three different sizes of controls (small, 
medium, and large) should be used. 

o Controls used for performing the same function on 
different items of equipment should be the same size. 


o When knob diameter is used ts a coding parameter, 
differences between diameters should be at least 0.5 inch; 
for knob thickness, the differences should be at least 0.4 
inch. 






Shape. Shape coding is best used to identify controls requiring "blin<f* operation, 
where the operator must rely on tactile feedoack only. Shapes suggesting tiic purp<y ? of 
the control are recommended, making the control both visually and tactually identifiable, 
the main goal of shape coding. Other relevant points include the following; 

o Coded features should not interfere with ease of control 
manipulation. 

o Shapes should be hand-identifiable regardless of control 
position or orientation. 

o A sufficient number of shapes should be provided to co/er 
the number of controls requiring tactual identification. 

Location. When controls are associated with similar functions from command panel 
to command panel (in the ease of large, multiperson work areas), they should be in the 
same relative location. Within single command panels related controls should be located 
within functional groups. 

Labeling. Labeling is a simple way of coding control functions that, v/hen used 
properly, can aid initial learning and later performance. Guidelines for use of this 
technique foUow (Bailey, 1980; MIL-STD-147'?C, 1981; NURE(J-0700, 1981). 

o Locate labels in relation to the appropriate control (usually 
above it), consistently throughout the work station. 

o Design labels to tell what is being controlled. 

c Make labels brief, using only common abbreviations. 

o Use standardized letter and number styles that are easily 
read. 

o Identify groups of related controls by enclosing them 
within a border an'' labeling the groups by com.non 
functioi.. 

o Use horizontal labels where possible and vertical labels 
when space is limited; avoid curved labels. 
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Using each di/ferent coding technique has both advantages and disadvantages. Figure 4-6 
lists the techniques discussed above and their respective advantages end disadvantages. 

COMMAND PANEL LAYOUT 

The physical layout of the command panel largely determines the effectiveness of 
its operational use. From an ergonomic standpoint, there are several guiding principles 
(NUREG-0700, 1981; Seminara, Eckert & Seidenstein, 1980) for arranging control and 
command panels, either in terms of several panels (e.g., nuclear power plant control 
rooms), or within one panel (e.g., satellite system control rooms). 

Sequential Arrangement 

When an operator h£is to act and react in a fixed sequence, panels can be arranged 
sequentially. Left-to-right and top-to-bottom sequences are most common since they 
conform to American population stereotypes. A sequential arrangement will minimize 
the movements required of the operator, an important consid^ation for time critical 
operations. It is also recommended that controls used in sequence be grouped together. 

Frequency Arrangement 

To minimize search time and reduce the likelihood of error, a frequency of use 
arrangement is recommended. Here the most frequently used controls and displays are 
placed in the center of the optimum visual and manual reach area of the panel, giving 
them a high level of availability. 

Functional Arrangement 

In a functional arrangement, all controls and displays used to perform a function 
are grouped together on a panel. This arrangement is the most common one found in 
practice. It is preferred when there are no consistent sequences of operations, because it 
allows for quick and accurate location of the displays and controls needed for any 
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Figure 4-6, MIL-STD-1472C, p. 66, 1981. 
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function. Labeling, lines of demarcation, shading, end spacing all serve to delineate 
functional groups. 

Importance Arrangement 

The controls end displays that are most important are placed within the operator's 
optimal visual and reach distance in this type of arrangement. It is best suited for small, 
one'Operator work statirais. 

Graphic or Pictorial Arrangement 

Another approach to layout is graphic or pictorial arrangements, more commcmly 
called mimic panels. All related controls and disjdays are connected by visible lines 
drawn on the panel to show specific arrangements. This approach has two disadvantagesj 
mimics reijuire a lot of panel space and are difficult to modify once implemented. 


FURTHER RESEARCH 

At present, the focus of workstation design guidelines is on single person 
workstations. The multiperson workstation is usuaUy not considered, leaving many 
specific questions unanswered. Further investigative and experimental research should 
be done to isolate the differences and similarities of single-perscm versus multiperson 
workstations. Questions pertaining to staffing levels, physical access to equipment, 
physical layout, changing personnel roles, and other theoretical and applied issues must 
be researched and specific guidelines generated, to complete the picture of human 
factors in workstation design. 
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CHAPTER FIVE 


HUMAN FACTORS OF COMPUTER SYSTEMS: THE HARDWARE 
INTRODUCTION 

Over the past several years, human factors interest and research in issues related 
to computer hardware, software, and human-computer interaction has grown at an 
almost staggering rate. Due to the volume of interest and research as well as the limited 
time frame during which the research has been accumulating, some of the results tend to 
be ambiguous and, occasionally, directly contradictory. Nevertheless, as more research 
is conducted, evidence mounts up, and there are numerous areas where clear-cut 
standards exist. This report will synthesize the results from numerous documents which 
suggest design guidelines. Where possible, conclusions and design guidelines will be 
presented, and, where evidence is still inconclusive on significant issues, design 
considerations will be discussed. Taken together, the design guidelines end the design 
considerations define a set of parameters which must be carefully evaluated in the 
acquisition and configuration of computer systems. 

Due to the volume of information, this report will be restricted to material related 
to computer system components which affect the human-computer interface, primarily, 
the visual or video display terminal (VDT) and interaction techniques and devices which 
support the human-computer dialogue. To organize this discussion further, the topics 
have been broken down into two categories: human factors issues of the physical 

properties or hardware components and the human factors issues of software. Hardware 
design issues include ergonomic consideration of visual display terminals (VDTs), color 
capabilities, and interaction tasks and techniques. These issues will be discussed in this 
chapter. The chapter which follows will consider software or informational 


characteristics of VDTs, addressing topics which include coding techniques, dialogue 
types and properties, and display density. 

ERGONOMICS OF VIDEO DISPLAY TERMINALS (VDTS) 

Ergonomics, a European term for human factors, has been used primarily to refer to 
the physical and environmental aspects of the VDT and VDT use. This section will 
discuss three major ergonomic considerations: health and safety hazards and complaints 
for VDT operators, VDT environmental and workstation design, and visual properties of 
VDTs. 

The growth of computer usage in the western world is staggering. In the past 
decade, total computer power available to U.S. business and industry has increased 
tenfold, and it is expected to double every two to four years (Gantz & Peacock, 1981). In 
1980 there were five to ten million VDTs and more than 7 million operators in the U.S. 
(Center for Disease Control, 1980). Further, there are an estimated 15 million 
computers, terminals, and electronic office machines. By 1985 this number is expected 
to grow to 35 million, one computer-based machine for every three persons employed in 
the white-collar work force (U.S. Department of Commerce, 1979). Thus, the number of 
people using VDTs is large and growing rapidly; keeping pace with the proliferation of 
terminals is a growing concern about the health and safety aspects of VDT use. This 
concern has generated a great deal of public comment as well as substantial research on 
VDT aspects contributing to work health and safety. The next two sections will review 
some of these ergonomic issues and summarize some of the resulting guidelines and 
design considerations. 

Health and Safety Hazards and Complaints 

A review of recent articles and reports suggests that a host of problems may be 
caused or aggravated by the introduction of the VDT into the workplace. Complaints 


Include: eyestrain, visual fotigue, and related visual problems (Cold Type Organizing 
Committee, 1981; Grandjean & Vigllani, 1980; NIOSH Research Report, 1981; NYCOSH 
report on Health Proteetion for Operators of VDTs/CRTs, 1980; Tabor, 1982; Working 
Women Education Fund, 1981); postural problems (Grandjean & ViglionI, 1980; NYCOSH 
report on Health Protection for Operators of VDTs/CRTs, 1980); psychological stresses 
(NYCOSH report on Health Protection for Operators of VDTs/CRTs, 1980); radiation 
(Cold Type Organizing Committee, 1981; NIOSH Research Report, 1981; NYCOSH report 
on Health Protection for Operators of VDTs/CRTs, 1980); and industrial liygiene (NIOSH 
Research Report, 1981). Radi (1980) summarizes some of these problems as follcws: 

o Many of the screens and keyboards are badly designed. 

The most unsatisfactory points are: low luminescence 

level on the display, low contrast between characters and 
background, flicker of the display, reflections on the 
screen, and the design of the whole box in such a way that 
it is often impossible to use in a human-adapted position. 

In many cases keyboards ore connected with the display 
box and are unnecessarily high and produce light 
reflections, mainly on the surfaces of the keys. 

o Relatively poor workplace design and bad positioning, 
including mistakes in the illumination, can also be found at 
many of the present workplaces. 

o Illumination conditions at most VDT workplaces are 
unsatisfactory. There are only general recommendations 
Information on how to avoid glare and 
reflection on the screen is not disseminated. The existing 
illumination problems are caused by daylight as we T as by 
artificial lighting. 

o Eye defects often result in an increased workloads for 
many persons working with VDTs. These eye defects are 
not caused by VDT use. Field studies have shown that 
more tnan 50% of all German adults have non-corrected 
eye defects, and this is an important loading factor, when 
these persons work with VDTs. 
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o In many cases the use of VDTs has forced an increase in 
Information transmission rates betv/een man and the 
technical information-processing systems. Normally a new 
technical and more computerized system with VDT 
workplaces is installed for economic reasons. Most 
manufacturers promise in their advertisements to reduce 
costs by an increase in performance of the human- 
computer system. Therefore all activities during the 
introduction phase, as well as later, are concentrated on 
bringing a higher output (meaning an increase of symbols 
per minute, data per hour or other number of v;orking units 
per day and employee). It is difficult to explain that the 
main effect of the use of computer and VDT technologies 
should be to increase not primarily the quantity of 
information rates at the human-technical information- 
processing system interface, but the quality of the whole 
system performance, e.g. through bettjr information 
selection and handling, through more flexibility of the 
organization, through better written output and through 
better and more adaptive reactions of the offices— and last 
but not least through more humanity at the v/orkplace in 
the office. 

o Memy arguments in the discussions about VDT workplaces 
are emotional. This is understandable because the VDT has 
become a negative symbol for anxieties of the employee in 
the office; anxiety about the technical and organizational 
changes in the white coUar area, anxiety about mass 
unemployment, anxiety about dequalification, and anxiety 
over more control from the computer. It is important to 
know and to try to solve these social problems. But it is 
also important to separate the ergonomically caused and 
the socially caused problems in the discussion of the 
acceptance of VDTs, because each kind of problem needs 
different measures to be solved. 

o VDTs have had very bad publicity in the m^dia. If a 
problem of their use is discussed in a research report, the 
papers will generalize it for all sorts of VDT workplaces, 
and they will once again point out how unhealthy and 
dangerous work with VDTs is. 

These concerns have prompted a great deal of discussion, research, and even some 
legislation. At the anecdotal level, there v/as a strike by clerical personnel at the United 
Nations when word processing equipment was instEilled. In a similar vein, the U.S. 
Department of Commerce is thinking of removing its word processing equipment due to 


operator complaints and concerns that the automated equipment is lengthening task time 
(due one supposes to nn increased number of drafts made possible by the word processing 
systems). 

Oil a more serious note, a number of European governments have or are preparing 
take some legislative or regulatory actions to ensure the health and safety of VDT 
(' Sweden is the most advanced, having passed legislation which specifies some 

design i. pects of visual display terminals. Germany has proposed standards and safety 
regulations in which various visual display parameters are specified. The French have 
gone one step further; a government decree placed operatore of terminals in the 
hazardous occupation category. As a result, employers are required to provide additional 
rest breaks and enhanced medical care for those employees. European activity has been 
far greater than that in the U.S. The most active U.S. agencies are the National 
Institute of Occupational Safety (NIOSH) and the U.S. militemy services. NIOSH has just 
concluded a large study examining potential health effect of working with VDTs (Human 
Factors , Vol. 23, No. 4, August 1981). The military services have also extended their 
interest to include concern for operator stress, performance, and safety (MILSTD- 
1472C, 1981). As more attention has been focused on VDT problems, some basic 
assumptions have evolved to guide ergonomic research on VDT design and use. These 
include (Radi, 1980): 

0 Eye discomfort and workload in VDT worlqslaccs can be 
reduced to or below the level at workplaces without VDTs 
but with similar tasks. The condition: screen, 

presentation mode, VDT box, keyboard, the whole 
workplace, and the environmental factors have to be 
designed as weU os possible by existing technologies and 
following existing recommendations which are the results 
of ergonomic research and practical experience. 

0 It is not generally in question whether to use a VDT or 
not. But there are many questions and also practical 
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answers on how to design e specific VDT workolace and its 
environment with respect to man and his specific task at 
this workplace. Manufacturers and users do not only need 
our criticism on VDTs and workplaces, they need detailed 
information on how to make them better. 

o Work-time limitations and special break-time regulations 
for VDT workers are not the optimal way to solve the 
existing problems. It should not be the main function of 
ergonomics to compensate for high workload, which is 
caused by {wor working conditions, only by time limitations 
or by additional break-times. The better measure consists 
in avoiding the loading factors by human-adapted 
workpla ce design and by interesting, non-monotonous 
tasks . 

The basic ergonomic issues have thus far focused on health and safety of the 
operator. In particular, there has been a good deal of investigation into the possibility of 
VDT-induced radiation and negative aspects of VDT use with respect to both vision and 
posture. One universal conclusion which is very encouraging is that there is not a 
radiation hazard associated v/ith VDT use (Cakir et al., 1980; Murray et al., 1981). Ra'dl 
suggests that visual and postural problems can be greatly alleviated by human-engineered 
workstation and environmental design and the design of human-engineered VDTs, 
keyboards, and other interaction devices. Subsequent sections outline some specific 
guidelines for these aspects of the workplace. Industrial hygiene, one of the potential 
problems associated with VDT workplaces, was not found to be a problem in the 
extensive NIOSH study (Murray et al., 1981; NIOSH report, 1981). Walk-through surveys 
of VDT areas indicated few sources of airbourne chemical contaminants. The 
occupational sources identified were photographic darkrooms, photocopiers, and other 
photo-reproduction equipment. The one general source of indoor air pollution was 
cigarette and cigar smoking. The evidence supporting the conclusion that employees 
operating VDTs were not exposed to hazardous levels of airbourne contaminants was 
overwhelming. 
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Psychological stresses caused or intensified by the introduction of VDTs into the 
workplace are real and must be addressed by a sensitive and coordinated managerial 
response. The NIOSH study documents some of the psychological stresses which VDTs 
can cause, particularly among clerical workers (Smith et al., 1981). In a large sample of 
employees, a pattern appeared in which professionals using VDTs reported the lowest 
stress levels, while clerical VDT operators reported the highest stress levels, with control 
subjects in the middle. The report concludes that the use of VDTs is not the only factor 
contributing to operator stress levels and health complaints, but that job content also 
makes a contribution. The authors note that the clerical VDT operators were monitored 
closely by computer systems which provided up-to-the-minute performance reports on 
the rate of production and error levels. Sometimes, the automation of clerical and other 
related low skill activities results in automation "pacing*' the human operator, rather 
than vice versa. The NIOSH study also indicates that clerical employees greatly feared 
that they were likely to be replaced by a computer at some time in the future. The basic 
conclusion is that a number of interacting factors contribute to psychological and 
physical stress. Job redesign and workplaces redesign will alleviate some of the 
problems, but a positive and sensitive managerial policy is essential to ensure the 
efficiency and effectiveness of the "people component" of the human-computer system. 

Environmental and Workstation Design 

Environmental and workstation design issues are critical determinants of the 
effectiveness and efficiency of the workplace. Over the past forty to fifty years a great 
deal of information has been gathered defining standards for appropriate working 
environments for humans. Chapter three of this document reviews these issues and 
standards in general; this section will describe those which are particularly rel ’..int to 
VDT workplaces. As indicated in the previous section, a consensus is emerging that 
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attributes a good deal of the problems end complaints concerning the introduction and 
widespread use of VDTs in the workplace to poor environmental and workstation design; 
often the introduction of a VDT merely aggravates existing problems of poor workstation 
design. 

General Considerations for Workstation Design . Cakir et al. (1980) suggest several 
preliminary considerations in planning the workplace: 

o Ensure that the user can reach and operate the controls. 

Major controls on the VDT are the keyboard, power on/off, 
iMrightncss, contrast, and modem. These and other 
workstation equipment items should be easily and safely 
available. 

o Enswe that the user can see and read the displays. 

Different displays (e.g., keyboard, screen, documents) 
should be positioned favorably for the user’s standard 
position as well as any frequently used alternative 
positions. 

o Ensure that the user is comfortably positioned and can get 
in and out of the workplace easily. Basic principles of 
workstation design should be closely adhered to; basic 
clearances should be observed, suitably sized equipment 
and office furniture provided, and sufficient amounts of 
workspace be made easily available. Environmental 
aspects of the workstation should be considered in the 
initial layout and periodically evaluated to ensure that 
deterioration does not occur over time. 

Cakir et aL (1980) strongly recommend using model workstation or mockups (see Chapter 
8 for futher discussion) to ensure human-engfineered woricstations. Mockups can be used 
to solicit valuable input from users, particularly junior levels of personnel who are 
typically not consulted but can be an invaluable source of practical design information. 

Over and above these general considerations there are a number of specific 
workstation design and environmental factors to be considered. Cakir et al. (1980) 
summarize the issues in Figure 5-1. Equipment is vitally important to the comfort of 
users. Poorly designed or positioned equipment results in inefficient posture, potentially 
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Figure 5-1 The most Important aspects in the 
design of VDT workplaces, (Cakir, 
Hartt and Stewart 1980) 


causing spinal disorders and fatigue in the back muselas> Moreover, design which ensures 
the freedom and ability to change pasture is preferred, as even on optimal posture 
becomes fatiguing over long periods of time. 

Working level 

Caldr et al. (1980) define working level as the distance 
between the underside of the thighs and the palms of the 
hands. A common standard is that working level should range 
from 220 to 250 mm, corresponding to the lower 5% percentile 
limit for females and upper 95% percentile for males. Desk 
top, desk frame, and keyboard should be fis thin as possible in 
order to ensure an oppro{x*iate working level. Detached 
keyboards with a height of more than 30 mm should be set in 
the desktop. 

Desk Height 

Desks for VDT workplaces should have a desktop height of 720 
- 750 mm with a minimum free height of 650 - 690 mm. On 
detachable keyboards, the height of the home rows above the 
floor boards should he between 700 and 750 mm. 

Chair, Seating Height, and Ba<*k Support 

Chair height should be adjustable in ordiff to enable key entry 
with arms and thighs in an approximately horizontal position 
and^ feet flat on the floor. Foot rests may help if the 
chair/desk height makes it impossible for the operator’s feet to 
rest comfortably. Management sliould ensure that users ere 
aware of the adjustability of office equipment and are 
reminded to make suitable adjustments periodically. 

Foot Rests 

Adjustable footrests should be provided which are large enough 
to cover the entire usable leg area and be anchored to the 
floor; well-designed foot rests help to provide postural 
support. 

Document Holders 

Document holders can help to reduce fatiguing body 
movenicnts. Document holders should be portable, allow angle 
adjustments, and be equipped with an optional row marker. A 
correctly positioned document holder allows reduction of 
movement or transfer of movement to less loaded parts of the 
body. 
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Arm Reach and Working Level 

The keyboard should be positioned within easy reach of the 
user; the back row of keys should be within 400 mm of the 
front edge of the desk, and 60 mm should be allowed in front of 
the keyboard. 

Display Height j 

In general the top edge of the screen should be at or below eye 
height. The line-of-sight should intersect the center of the 
screen. 

Viewing Distance 

The recommended range for eyes to manuscript, display i 

screen, and key board is in the range of 450 to 500 mm. i 

Environmental Design Consideration for Computer Workstations. Cakir ct al. j 

(1980) note that of all the environmental factors - lighting, temperature, and noise - j 

\ 

lighting is the most significant in VDT workplaces. This section addresses the issues of j 

lighting the workplace; issues such as screen luminance and contrast illumination will be * 

taken up in the section on visual properties of VDTs. 

Illumination or ambient light level 

VDT working areas should be illuminated with 300 to 500 Lux 
illuminance with the best possible glare shielding to safeguard 
against both direct and reflection glare. 

Luminance Ratios 

Visual fatigue can be caused by differential luminances of CRT 
screen, keyboard and screen, and the desk and the room; 
recommended ratios are 1:3:10. Keyboards can be designed so 
that luminance ratios between the keyboard and screen and 
between the keyboard and paper i\o not exceed 1:3. It should 
be noted that the ideal is 1:1. 

Glare and Reflection 

Glare is gross disturbance of the adaption process of the eyes 
caused by large difforonoes in illumination. Direct glare can 
be avoided by appropriate positioning of light fixtures. 
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Indirect slare, caused by reflection from glassy surfaces, is 
also very undesirable and a likely cause of visual fatigue. 

Desks, floors, and other work surfaces should be selected to 
minimize glare end reflection. 

Light bulb or fluorescent lights should be in warm, light, and 
uniform colors. Glare shielding of lights is usually desirable; 
prismatic or glow shieltb are preferred. Workstations should 
be positioned so that glare sources are out of the user's field of 
vision; lighting fixtures should be positicmed parallel to the 
user's field of vision. Windows and curtains are also helpful in 
reducing glare. VDT screens should be fitted with anti-glare 
devices or come equipped with coatings or antiglare displays. 

Temperature 

Thermal emission from the VDTs should be taken into account 
when determining the heat and air conditioning needs of the 
workplace. Temperature should be controlled to a range 
between 72° and 76° with humidity at about 50%. Care should 
be taken in the acquisition of equipment to ensure that ♦he 
equipment does not require excessive temperature conditions 
which result in discomfort for human users. 

Noise 

Generally VDT workstations ere quiet as compared to 
conventional workstations. Nevertheless, normal ergonomic 
procedures for noise rcducticm should be taken. For example, 
other equipment in the room, such as impact printers, should 
be checked to ensure that the level of noise is not too great. 

Visual Properties and Ergonomic Aspects of the Video Display Terminal Hardware 

The discussion of the ergonomic aspects of VDT workstations in the previous 
section focused on general aspects of the workplace itself and, for the most part, is 
merely a reiteration of common standards for workplaces with or without VDTs. This 
section will focus on ergonomic aspects of the VDT itself. These standards arc relatively 
new and, in some cases, clear-cut standar<k have yet to be developed. Nevertheless, 
these aspects are critically important and must be consciously addressed :n the design of 
VDT workplaces. 

The various physical attributes of a VDT should be considered in selecting one. 
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These properties are basically independent of informati(Hi and content, but they are 
vitally important in determining the effectiveness of the human-computer interface. 
The section will review a spectrum of these characteristics together with recommended 
standards. Attributes are divided into the following categories: image and screen 

characteristics, attributes of character formation and display legibility, keybo6U‘d 
characteristics, and miscellaneous considerations including such items as response times 
and maintainability. 

Image and Screen Attributes 

The image and screen attributes considered here constitute the 
"basic visual properties" of VDTs. As indicated above, they are 
important and yet stand independent of information content 
and format. 

Flicker 

Flicker or image iretability, if perceptible by the VDT 
operator, can be a source of annoyance and visual fatigue. 

Ideally, flicker should be imperceptible. In practice, it is 
usually sufficient to have a refr^h rate on CRT-type displays 
of 50-60 Hz. Refresh rates under 20 Hz btc very annoying, eind 
screens with refresh rates under 50 Hz are not considered 
flicker free. 

Luminance 

Screen luminance is also a determinant of flicker. Screen or 
background luminance should be adjustable with a range of at 
least 15 and 20 cd/m^ under normal . lighting conditions. 

Character or symbol luminance is also important. Although 
there is variation in recommended standards, the consensns 
seems^ to be that a minimum character luminance of 30 cd/ni^ 
is desirable. Some guidelines (Cakir et al. 1980) suggest that 
as low as 45 cd/m^ mr/ te sufficient, but all agree that the 
range of 80 to 160 cd/m’*^ is the mos: desirable. 

Symbol Contrast 

The contrast between characters and background is also 
important. Bank, Gertman, and Petersen (1980) in their review 
of relevant giioelines, conclude that a minimum contrast ratio 
of 3:1 or 4:1 is needed with as great as a 10:1 contrast 
specified as optimal. 
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Image Polarity 

Image polarity is a physical attribute of VDTs which is being 
considered in Europe. It concerns the screen characteristic 
which determines whether the display has dark symbols on a 
light background or vice versa. The existing standards range 
from user's preference to conflicting recommended formats 
(Banks et al., 1980). The message for system designers is to 
keep image polarity in mind as a design consideration, 
realizing, however, that no generally accepted standard 
currently exists. 

Phoephor 

Phosphor properties of the screen may also determine the 
preceptibility of flicker. The general recommendation is that 
screens with medium to low persistence phosphor are the best 
compromise (Banks et al., 1980). 


Color 


Another important consideration in VDT selection and screen 
design is color. Due to the volume of material in this area, a 
separate section is devoted to this topic in a later portion of 
this chapter. 

Adjustability of the Screen 

In keeping with the notion of flexible workstations, it is 
recommended that VDT screens be flexible both on their 
horizontal and vertical axes. If the VDT is fixed the vertical 
angle should be 90°. 

Character Formation and Display Legibility Attributes . The characteristics 
reviewed below address what is displayed on the screen and how. They are also fairly 
independent of information content. The major references for the guidelines suggested 
in this section are: Cakir, et aL (1980), Bailey (1982), Shurtleff (1980), Ramsey et aL 
(1979), and Banis et al. (1980). 
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Resolution 


Display resolution concerns the number of scan lines per inch 
as well as the dots per character. The recommended standard 
for scan lines Is a minimum of 50 per inch (Bailey, 1982) and 12 
to 18 lines per symbol height (Shurtleff, 1980). The number of 
dots per character for dot matrix characters is a minimum of 5 
X 7 to 7 X 11. 

Symbol Dimension 

Several attributes must be considered. Stroke width measured 
in stroke width-to-height ratio is recommended in the range of 
1 j 4 to 1:8. Recommended symbol width as a percent of upper 
case character height is In the range of 75 to 100%. 
Horizontal spacing, measured as a percent of symbol height, 
should be in the range of 10 to 65%. Row spacing should be 
between 100 and 150% of character height. More detailed 
information on these attributes can be found in Bailey (1982), 
Shurtleff (1980), and Cakir, et al. (1980). 

Character Font 

The character set chosen is also important in determining the 
overall readability of the display. The character set should 
contain upper and lower case characters, with lower case 
characters having descenders which come below the line where 
appropriate. The characters should be displayed in an upright, 
rather than slanted manner. Cakir, et al. (1980) suggest a 
review of the following pairs of characters as a quick check on 
the legibility of the character set: X/K, 0/0, T/Y, S/5, I/L, 
WV, I/l. The difference between each pair should be easily 
apparent in a well designed character set. 


Cursor 


In evaluating a candidate VDT, the cursor and its properties 
should be examined. A visible cursor, easily distinguishable 
from the elements of the character set, is highly desirable. 
One consideration which is usually application-dependent is the 
specific format of the cursor — an underline or a reverse video 
box. As yet no recommended standard exists, but the cursor is 
an important user consideration. 

Backspace Capability 

Another design consideration that is typically application- 
dependent is the backspace capability. Users should be queried 
to see if backspacing is necessary for physical as well as 
logical deletion of characters on the screen. 


Cursor Control 


The need for cursor control, horizontal as well as vertical, is 
another design consideration. Applications :>'hich require 
screen editing may be facilitated greatly by a VDT with both 
horizontal and vertical cursor control. 

Screen Memory and Scrolling 

Other application-dependent design considerations are the 
existence and amount of screen or local memory as well as how 
the memory is accessed, e.g., scrolling. Screen memory is an 
expensive yet very useful feature in VDTs. To the extent that 
the budget will support it, screen memory is a desirable 
attribute; two to four screen pages of memory is tlie normal 
range. Screen memory is usually accessed by scrolling, i.e., 
line by line, though for some application, page scrolling may be 
desirable. 

Display Enhancement Features 

Again depending on the application, display enhancement 
features may be a required for the VE>T. Such capabilities as 
reverse video, dual intensity, and blinking may help facilitate 
tasks such as data entry and monitoring. Blink rates should be 
between 2 and 4 Hz, and it should be possible to blink portions 
of the display as well as portions of individual lines of the 
display. Another feature which should be considered is audio 
capability; a beU or electronic noise may be a desirable 
enhancement for some applications. The range of sounds which 
the VDT is capable of making should be explored to ensure that 
it meets acceptable auditory criteria and yet is not offensive 
to the user. 

Keyboard Attributes. Characteristics of keyboards include some general criteria, 
characteristics of the keys, and the keyboard layout. The primary references for 
keyboard design considerations are: Cakir et al. (1980), Bailey (1982), Banks et al. (1980), 
MIL-STD-1472C (1981), and Ramsey et al. (1979). 

General Criteria 

The most important criterion is the dotachability of the 
keyboard; this is a very desirable attribute in ameliorating the 
effects of operator fatigue. Keyboard slope appears to be an 
important user consideration; however, there is still 
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considerable disagreement about recommended standards 
(Banks et al., 1980). The keybo&’*d should also be considered in 
eliminating luminance and glare problems of the workplace. 

Key Characteristics 

Tactile keystroke feedback is a generally desirable attribute, 
with a key activation in the range of .26 to 1.5N. Key travel in 
the range of approximately 1 to 8 mm is recommended. Keys 
should be spaced at intervals of approximately 20 mm between 
key centers. Key-top dimensions are recommended in the 
range of 12 to 15 mm. Key legends should be examined to 
ensure that they are moulded to the key to help prevent v/ear 
and abrasion. Key-top surfaces should be concave and treated 
to minimize glare. Important design considerations are failure 
rate for keys, and the type of error which results at failure. If 
special keys are needed, they sliould be integrated into the 
keyboard and not separated from the alphanumeric section by 
more than one inch. 

Keyboard Layout 

The layout of the alphabetic block should conform to standards 
for conventional typewriters. A separate numberic key pad is 
desirable; however, there is no current consensus on the most 
desirable format. Typical choices are calculator vs. telephone 
formats. The space bar should be at the bottom. AU keys for 
which unintentional or accidental operation may have serious 
consequences should be secured by either position, additional 
required key pressure, key lock, or two-handed key operation. 

A task-dependent design consideration is the need for 
p-ogrammable function keys or color coded function keys. 

Miscellaneous considerations . Several miscellaneous considerations are 
recommended in evaluating a candidate VDT. One, which will be addressed more fuUy in 
the next chapter, is response time. In consideration of VBT hardware, it is important to 
be sure that the VDT selected is not an undesirable and limiting feature of the overall 
response time in the human-computer interface. 

A second design consideration which is particularly encouraged by the military 
(MIL-STD-1472C) is the maintainability of VDT equipment. Before acquiring a VDT, the 
designer should ensure that replacement parts are widely available and that diagnostic 


procedures are in place. It is important for overall system effectiveness to invest in 
equipment which is reliable and speedily fixed when it malfunctions. 


THE ERGONOMICS OF COLOR ATTRIBUTES 

During the last decade, CRTs and other display monitors capable of presenting 
material in color have become relatively inexpensive. This newly available capability to 
use color in addition to monochromatic displays has been seized upon with great 
enthusiasm by programmers and other designers of the interface between computers end 
machines. Of course, the graphic arts community has for centuries worked with color in 
presenting material to viewers. Unfortunately, with the exception of a small community 
of artists who have adopted the computer as their medium, few people v/ith the requisite 
technical training in computing have developed the appropriate skills in the grapliics arts 
to use color effectively. 

Further, computers and their displays in a control environment are applied to the 
communication of substantive information and data. Color displays represent 
technologically, a new medium of communication; the application of this new medium to 
unprecendented tasks has required the application of whatever knowledge that can be 
- gleaned from older and different media which use colw intrinsically, without really being 
able to assess the appropriateness or the effectiveness of these efforts. It is only very 
recently that studies of color in computer-generated displays have begun to appear. 
Even fewer of these studies have addressed the ordinary human factors questions of the 
effect of the tool upon the performance of the task. 

In short, there is no well-ordered body of knowledge to guide us in the design of 
computer-generated displays using color for communications within a control 
environment. Some guidance can be taken from traditional color media, such as the 




graphic arts and motion picturesi but without assurance that these principles are truly 
appropriate for the CRT display. Other principles can be derived from the human factors 
literature, which has considered color in other contexts, such as the color coding of 
controls and the selection of wall or background colors in a task-oriented enclosure. Still 
other principles can be taken from the empirical experience of those who have explored 
the use of color graphics for computerized generation of graphs, charts, and other types 
of management-oriented information display. 

Thus, most of the guidelines suggested in this section on color attributes sirauld be 
taken as tentative. These points contain more DON'T than DO guidelines; as human 
factors research contributes more thorough knowiedge of the use of color in computer- 
generated displays in specific task environments, this situation will reverse. 

Technical Definition 

Color is a subjective phenomenon derived from the sensory perception of 
^ electromagnetic radiation with differing wavelengths within the visible range. Physicists 
model color along a wavelength spectrum, from 38(1 to 780 nanometers. Table 5-1 
identifies the colors associated with ranges within this spectrum. The intensity of a 
color is associated with the energy or amplitude of the wavelength. The purity of a color 
is associated with the ambient energy at other surrounding wavelengths. A color darkens 
to black as the amplitude decreases to zero; a color fades to white as the surrounding 
amplitudes rise to match it. 

A uniform spectral energy distribution through the range 380 to 780 nanometers is 
perceived as a grey, shading from black at the lowest energy level to white at the 
hig[hest. The different colors arise from this greyness as the energy at a particular 
wavelength increases relative to the surrounding spectral energies. This dominant wave- 
length is called the "hue" of the color. The energy or amplitude of the wavelength is 
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Table 5-1 


Wavelength 

Hue 

630-760 

Red 

590-630 

Orange 

560-590 

Yel] ow 

A90-560 

Green 

450-490 

Blue 

380-450 

Purple 


Psychological Aspect 
warm (advance) 
neutral 

cool (retreat) 
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called the "brightness” of the color. The ratio of the energy or amplitude of the 
wavelength to surrounding uniform energy density is called the "saturation" of the color, 
i.e., how close it is to white. 

Physiologically, the human eye seems to be sensitive to three colors. The retina 
contains three kinds of light-sensitive cones, each of which is most sensitive to 
wavelengtiis for blue, red, or green hues. Figures 5-2 and 5-3 (Foley, 1981) illustrate the 
response characteristics of the eye for these three kinds of cones and the overall 
luminosity response of the eye. 

Clearly, we perceive more than these simple colors. The color that we perceive Is 
a sum of the dominant wavelengths (those emerging from the surrounding white noise) 
weighted by their relative brightnesses. The distribution of the individual wavelength or 
hue brightnesses coalesce into relative saturation. Thus, the three visual primaries, red, 
green, and blue, combine to white at equal brightness to produce zero saturation. 

We see in red, blue, and green; visual colors are various combinations of these 
primaries. This fact has been taken advantage of in the Red/Green/Blue (RGB) and 
Cyan/Magenta/Yellow (CMY) color models. 

Several such schemata or models of the interrelations among hue, saturation, and 
brightness which have been devised to allow the selection of a specific color by the 
specification of a set of coordinates in a "color space." This type of color model has 
obvious appeal in computer graphics for it allows color to be specified quantitatively. 

The RGB model (Figure 5-4) conceives the color space as a cube with red, green, 
and blue as vertices of a unit cube. The vertex which joins the RGB vertices is black 
while the vertex opposite the black vertex is white. Between the RGB color pairs are 
vertices for the combines color; hence, opposite each RGB vertex is the complementary 
color for that vertex. Grey is defined as shading the diagonal joining the black and the 
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Response characteristics of the eye. 
Figure 5-2. Foley & Van Daa, 1982, p. 605. 



tuninosity response of the eye. 


Figure 5-3. Foley & Van Dan, 1982, p. 605. 





white vertices. The CMY model is represented by the same cube. 

The RGB cube adds primary colors to black. The CMY cube subtracts colors from 
white. The CMY colors are the complements of the RGB colors. For examplCi Yellow is 
the sum of Green and Red which is White minus Blue. Hence, the RGB colors are termed 
additive primaries while the CMY colors are termed subtractive primaries. 

Any color within the cube may be specified as a set of RGB coordinates or 
conversely as a set of CMY coordinates. This specification can then be translated into 
hardware terms for color monitors which use red, green, and blue guns to produce a color 
picture. The RGB coordinates become directly the proportional excitation of each gun 
fw each folor point on the display. Black is produced by not firing any of the color guns; 
and, at the other extreme, white is produced by firing all guns at maximum intensity. 

Unfortunately, while the RGB or CMY model is very convenient from a hardware 
point of view, it is difficult to relate the three-dimensional mapping of intensities of red, 
green, and blue to the three-dimensional mapping of brightness, saturation, and hue. For 
example, in RGB, different levels of greyness are achieved by adding equal amounts of 
red, green, and blue to black. However, intuitively, we think of greys as different 
admixtures of white and black. 

To accomodate this intuitive perception, other color models have derived. Two will 
be mentioned here, the HSV (Hue, Lightness, Saturation) models. These models may be 
specified by three coordinates along the dimensions of brightness, saturation, and hue. 

The HSV color model, often called the cone or artist's model of color, incorporates 
the intuitive painter's notions of hue, adding white to decrease saturation and adding 
black to reduce brightness. Figures 5-5 and 5-6 from Foley (1981) illustrate the 
transformation from RGB to HSV. The three-dimensional HSV space is defined by 
ang^ar rotation to obtain hue, by vertical movement to obtain brightness, and horizontal 
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RGB color cube. Grays are on the dotted main diagonal. 

Figure 5-4. Foley & Van Dao, 1982, p. 611. 





r.GB color cube viewed along principal diagonal. Visible edges of cube 
are solid, whiie ihe invisible ones are dashed 


Figure 5-5. 


Foley & Van Dan, 19C2, p. 615. 
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movement or displacement from the central axis to obtain saturation.* "Adding white" 
decreases the displacement from the central axis. "Adding black" decreases the vertical 
location, the height coordinate. The central axis of the NSV model defines the fuU range 
of greys, from black at the bottom to white at the top. White appears at the center of 
the plane defining the top of the inverted cone. The color white is at the "origin" of the 
plane. Hence, vector additions of vectors defined from this origin in hue saturation 
coordinates, the chroma, defines an additive color. From this, it is easy to see that equal 
vectors for the three primaries map to white, as expected. 

The HLS color model, the double-cone model, is also frequently encountered. 
Foley’s illustration is given in Figure 5-7. .Although simUar to the HSC model, it is 
somewhat less easy to use. It is not so intuitively obvious as the HSV model, because the 
HLS representation of the color vectors avaUable in the HSC model cannot be performed 
in the HLS color space. The advantage of the HLS model is a great expansion of the 
desaturated colors which may be represented in the upper cone volume. 

Both the HSV and the HSL models share with the RGB and CMY models the 
capability given to their users to specify any color with three quantitative and hence 
computable coordinates. They enhance the usefulness of the RGB and CMY models by 
using coordinates which are closer to a naive understanding of color and color making. 
This is extremely useful because it allows the user to specify functional definitions of 
color sets and ranges to be used in colored graphical presentations. More on this 
capability can be found in a later section. 

Color Perception 

The perception of color is a physiological process. As such, the perception of color 


*This 


is essentially the same coordinate system as used by computer disk storage. 
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Single hexcone HSV color model. 


Figure 5-6 • Foley & Van Dam, 1982, p. 614. 
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Double hexcone HLS color model. 


Figure 5-7. Foley & Van Dam, 1982, p. 614. 
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differs from one individual to another. The ability to discriminate among colors is 
normally distributed through the population. Typically, when viewers are presented with 
colors defined by a three-dimensional model like the RGB or HSV models, they are able 
to relatively dbcriminate many more than 100,000 different colors. However, as might 
be expected from the 7+ 2 rule, far fewer colors can be reliably discriminated 
absolutely. Indeed, various forms of colorblindness affect as many as five percent of the 
male population. (Only an extremely small proportion of females are colorblind.) 

Color perception also carries with it an emotional or psychological "feel". Various 
colors are seen on psychometric ranges between hot and cool, near and far, relaxation 
and excitation, emphasis and deemphasis. Coupled with this are the conventional 
cultural meanings associated with different colors, for example, that red means stop or 
danger while green means go or OK. 

Information Contents 

In the control environment, design employing color must be instrumental. Color 
here is not used because it is pretty but because it conveys information to reduce error 
and improve performance. This, of course, does not imply that aesthetic values may be 
disregarded. Ugliness is a distraction. An ugly use of color will interfere with the 
conveyance of meaning (unless the jarring impact of ugliness is used itself as an 
informative measure, i.e., to gain specific attention.) 

The designer using color in a control environment must use color for specific 
effect, bearing in mind the constraints of physiological, perception, emotional content, 
and accepted cultural meanings. The designer must make these aspects of color work for 
him. 
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Gutdelinas for the Use of Color. 

The follr— in(f guidelines ore proffa*ed for the user of color (Christ, 1975; Durrett <Jc 
Trezona, 1982; Szoka, 1982; Williges & Williges, 1981): 

1. Do not convey any meaning by color alone. Color should be used as 
redundant information, to "highlight” or confirm an informational 
messege. The physiological perception of color is not uniform enough 
to rely on the absolute discrimination of color to convey information 
reliably. This is particularly true with reference to colorblindness. 

2. Color can be used in coding, but an upper limit of a dozen color codes 
should be respected. 

3. Color coding should conform to accepted cultural standards. Fot 
Americans, these are: 

red — danger, halt, stop, prohibited, fire 
yellow — look out, risk involved, caution, hazards 
green — go, OK, normal, desirable, safety 

blue — inactive, status out of service 
orange — dangerous, beware 

purple — radiation hazards 

white — inactive, status ready 

4. In general, no more than three to five colors should be used in a single 
display. The colors, when used for information coding, should be 
separate from one another to the extent feasible. Leebeek (1974) 
offers the follov/ing: 

2 colors —green, red 

3 colors —green, red, white 

4 colors -green, red, white, blue 

5 colors —green, red, white, blue, yellow 

5. Do not place complimentary colors side by side. These colors clash 
and can produce a "jiggle": 

red/green 
blue/ yellow 
grcen/blue 
red/blue 
yellow/ magenta 

6. The following are mentioned ns colors which may be used side by 
side: 

bluc/mngcnta 
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cyan/ magenta 

blue/cyan 

yellow/green 

yellow/red 

magenla/red 

cyan/yellow 

7. Confine lighter blues to background areas or outline the color shape in 
white. 

8. On a dark background, alphanumeric data may be displayed in white, 
cyan, yellow, yellow-green, or red. 

On a light background, alphanumeric data may be displayed in high 
contrast blue, black, or green. In short, use high color contrast for 
character/background (figure/ ground) relations. 

9. Since red and gr^en are not easily visible at the periphery of the eye, 
use white for signals to be perceived in this area. 

10. Red tends to excite the eye and eventually cause eyestrain. Red 
should be used judiciously to cause excitement, c.g., alert to danger. 

11. Kaleidoscope color clutter should be avoided. This causes confusion 
and eyestrain. Try to use a given color in a given region of the 
display. 

12. As the number of colors used increases, increase the size of color 
coded objects. 

13. Color coding in general speeds up search tasks. 

14. Material presented in color is assimilated somewhat faster than 
monochromatic data, but it is not assimilated more accurately. 

15. Critical information displa\rs using color should be designed so that 
they can be printed or displayed on a monochromatic backup device 
without loss of information. 

16. Be consistent in the use of color codes. Once defined, a color code 
should be used thereafter with the same meaning. 

17. Outline in white. 

18. Use background color to differentiate functionally different areas of 
the display. 

19. On displays with only primary colors, for bar and pie charts, use one 
color with different shading patterns and highlight with a solid color. 
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Fop the best shading patterns, use one angle and vary the density. 

20. On displays with large palettes, for bar and pie charts and for maps, 
use a single hue and vary the bri^tness. 

21. On displays with only primary colors, for curves, just tvfo or three 
colors may be used by using diff^ent line textures and weights. Do 
not use blue to draw curves. Use color to key axes to curves, 
especially with double labelled axes. 

22. Color can be used to downplay information— to make something less 
important use blue or cyan. 

23. Above all, always use col<^ for a specific purpose. Never use a colcx* 
without a reason. 

The advice given above concludes that in general no more than three colors should 
be used in coding and that no mo«*e than ten colors should be displayed at any one time. 
Typical low cost color graphics devices provide an active palette of about eight colors, 
including black and white. At first glance, then, it might appear that such devices are 
completely adequate for color usage. However, an inexpensive eight color palette 
I provides, as a rule, just the RBG and CMY colors at full saturation. The exclusive use of 

fully saturated color tends to produce eyestrain in the us^ and a loss of detail focusing 
and to create a subjective feeling that the display is unattractively garish. The effect on 
the eye is like that of viewing a television with the contrast control turned high. For 
easy and accurate long term viev/ing, these fuUy saturated colors need to be "toned 
down." 

Further, these simple palettes are unable to provide a "family" of colcffs. A coIot 
family is obtained by holding the hue dimension constant while varying the coordinates of 
saturation and/or briglitness. The ability to define the coordinates of saturation and/or 
brightness allows the fully saturated colors to be toned down. In addition, it is often 
possible to substitute a family of colors for a fully saturated color when designing within 
the three-on-the-screen limitation. For example, this is the difference between the 



guidelines (19) and (20). It also leads to the capability to provide three-dimensional 

representations using shading colors from v/ithin a single color family. 

24. This leads to the practical observation that the active palette of a 
display device need not be very extensive, say 8 to 16 colors for most 
work. However, the entire color palette should be definable in terms 
of a color coordinate system, either of the color cube variety or of a 
color cone model. 

25. Imaging refers to the display of scenes captured by sensors, suen as 
cameras, and converted to digital data or to the computer generation 
of simulations of such scenes. In contrast to other categories of 
information display which present abstractions of an object, imaging 
attempts to reproduce the object with full fidelity. Thus, imaging has 
two characteric requirements: very high resolution and a large active 
palette. Resolution for effective imaging is typically on the order of 
1024^ and the active palette is typically at least 256 colors. These 
characteristics give a requirement fw several millions of bits to 
completely specify an imaging display. As a consequence, little real- 
time imaging with this quality of reproduction has yet been done. For 
the next few years, imaging capabilities will likely remain in the 
domain of expensive hardware which is only cost-effective in 
specialized applications, such as video special effects. 

Because imaging is the only graphics technique devoted to 
reproduction of high-fidelity images, it also is the only technique 
which can legitimately justify a large rctive palette. 

26. When displaying text, a single character color should be chosen for 
use within a single background field. This figure/ground relation 
should be chosen to maximize the figure/ground contrast per (8). 

Emphasis within the field should be displayed by a figure/ground color 
reversal ("inverse video") rather than by introducing anoth» color. 

27. A practice to be explicitly warned against is the coding of characters 
by color to indicate different classes of messages against a single 
background. This practice generates unreadable displays and user 
headaches. If coding of message content is required, prefix the 
message string by an iconic symbol or by a solid block of color. 

Suffixing or end-delimitting the message string with a similar 
redundant color block should be avoided. Such suffixing can take 
either of two forms. In the one, the suffix immediately follows the 
message string. In this case, the co’\)r block will interfere with the 
messages immediately above and below. In the other, the color block 
suffix is placed at the right hand border of the message field. The 
intervening blank space effectively disassociates the suffix from the 
message and renders it useless as a redundant code. 
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28. Typically, CRTs capable of generating color may also be used as a 
standard monochrome monitor. This default monochrome figure/ 
ground relation should be used throughout to identify that region or 
field of the display through which normal communications will take 
place. Other specifically color-coded fields should indicate something 
about the specific application in progress. 

29. Some inexpensive color displays resolve in color only to the area of a 
single character rather than to a single pixel. This type of display 
should be avoided because this limitation severely limits the amount 
and the location of text which may be displayed. Resolution should be 
sufficient to define color for any pixel on the display as opposed to 
character cells. However, in general, resolution does not need to be 
greater than that available on standard K CRT's. 

The accuracy of color electron gun alignment should be precise 
enough that any color may be defined for any pixel on the display 
without color distortion. This is of particular importance on the 
periphery of the display field where "pincushion" effects may arise. 
With inaccurate RGB gun alignments, characters appea* as varigated 
colors rather than as a single color. 


Interaction Techniques and Tasks 

In an automated environment, primary control is exercised by computers. The 
human, in the role of a system supervisor, interacts with the mediating computer much 
more actively and intensely than wi:h the actual system being controlled. For this 
reason a great deal of attention is now being directed to the tools and techniques for 
interacting with computers. Special reference in this regard should be made to Newman 
and SprouU (1979), Foley and Van Dam (1982), and Foley, Wallace, and Chan (1981). 

In this section, guidelines for the use and application of several tools and techniques 
for interacting with a computer will be given. An "interaction technique" is a 
hardware/software assembly which allows a user to send data to a computer while the 
computer is running a user process. An interaction technique is typically used in the 
context of an informafon or data exchange between the computer and the user. It is 
thus a very special type of input device. Interaction techniques for input are generally 
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used with a VDT or graphics output device. Table 5-2 lists several common interaction 
techniques. Power region control keys and sensors are included but as yet are in the 
experimental stage. 

Foley, Wallace, and Chan (1981) identify six interaction tasks and four controlling 
tasks. They differentiate between interaction and controlling tasks in the following 
way: Interaction tasks do not directly modify the displayed image v»hile controlling tasks 
do directly modify the displayed image. 

For the purposes of these guidelines, controlling tasks will be included as 
Interaction tasks. Table 5-3 lists the tnsk-s Identified by Foley, Wallace, and Chan (1981). 

In brief, the nine tasks are described by the following summary: 

o selection— the user makes a selection from a set of displayed 
alternatives. 

o position— the user indicates a position on the interactive display. 

o orientation— the user orients an entity in two-dimensional or 

three-dimensional space. 

o pathing^the user indicates a series of positions or orientations on 
the interactive display through time. 

o quantification— the user specifies a value to quantify a measure. 

0 text— the user specifies a string of characters to be used as data 

o stretch— the user moves a particular feature of a displayed entity 
to a new position, while the remaining features are unaltered. 

o manipulate — the user moves an entity about on the display in two- 

dimensional or three-dimensional space. 

o shape— the user changes the shape of a two-dimensional or three- 
dimensional displayed entity. 

A variety of hardware/software configurations, as illustrated in Table 5-2, may be 
adapted to the execution of these tasks. Foley, Wallace, and Chan (1981) analyze the 
application of these interaction techniques to these interaction tasks. Their conclusions 


) 


93 
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Interaction Techniques 


touch panel 

light pen 

tablet and stylus 

mouse 

joysticks 

trackball 

cursor control keys 
power region control keys 
alphanumeric keyboard 
functional keyboard 

soft keys 
chord 
voice 
sensors 



direct interaction with display 


indirect Interaction with display 


keyboard based 


« .mmand and 
data entry 


nondlrect Interaction with display 


Table 5-2 
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Select 

Position 

Orient 

Path 

Quantify 

Text 

Stretch 

Sketch 

Manipulate 

Shape 


Interaction Tasks 


^ interacting 


controlling 


Table 5-3: Foley, Wallace & Chan (1981) 


95 


will be summarized here as they apply to typical control room activities. 

A note must be made regarding current use of displays for control purposes and 
potential usages. At the present time, virtually all NASA/GSFC display interactions 
involve text and numeric data with which the human operator/supervisor interacts by 
entering command strings with parameters. These applications are essentially modelled 
on teletypewriter devices which have been available since the 1950’s. 

Recently, new approaches have been suggested to implement both interactive 
graphics and color. The graphical representation of data in real time has the potential to 
allow the system operator/supervisor to exercise control by the pictorial manipulation of 
representations) of the controlled system. Imr .^mentation of this approach is, as yet, 
sometime in the future. These guidelines will reflect what is the best of current 
knowledge with regard to these future applications. 

The basic interaction techniques listed in Table 5-2 may be briefly described as 
follows: 

Touch Panel. A touch paitel is based on a frame surrounding the display screen 
itself. Within the frame the presence of an object, typically a finger, may be sensed and 
its position determined. Such touch panels have been used in applications where a 
keyboard cannot be provided and/or where designers have determined that a keyboard is 
inappropriate for the intended user. Its use has often been urged on the basis of its 
extreme simplicity in use— the user merely places his finger at the desired location or. 
the display within the frame. 

This ease of US'* obtains, however, only under stringent conditio \s. The display 
must be within an easy arm's reach cf the user. Due to the relatively large size of the 
human finger in relation to a graphics display, only a relatively low resolution can be 
obtained. This low resolution is forced by the requirement to compensate for human 


motor inaccuracies in rapid finger positioning. A major component of sueh inaccuracies 
js the so-called "sweep error" and its aggravation by the physical geometry of the display 
In some touch panel implementations. 

To obtain the highest resolution, the finger needs to be positioned at some distance 
from the display and then moved in a single straight line perpendleular to the visual 
surface of the display, somewhat like the old military academy custom of "eating a 
square meal." In actual practice, a person "sweeps" a finger toward the selected point 
and the tip of the finger traverses some arc during approach and again during departure. 
As a result, "extra" room must be provided around each target position to provide space 
for the f’nger arcing in and out. Without this room, the touch panel will spuriously 
register "selections" which are in actuality only the finger on its way to the desired 
location. The activation of such spurio is selections is termed "sweep" error." 

There are two generic types of touch panel, the "surface" and the "frontal plane." 
The surface touch panel is constructed so tna. its sensing elements (primarily 
capacitance) are embedded in or lay directly on the surface of the display screen. The 
frontal plane touch panel is placed in front of the display screen. Since most VDT 
screens are in fact not flat but curved, i.e., a sector of the surface of a sphere, the 
frontal plane touch panel is closer to the center of the display screen than to the 

periphery of the display screen. Hence, sweep error becomes worse as the finger is 
positioned further from the center of the display. 

When surface touch panels are employed, this sweep error can be largely avoided. 

However, while frontal plane touch panels do not obscure the view of the curved display, 

ordinary surface touch panels use sensing filaments that "wrap around" the curved 

surface. Unfortunately, these sensing filaments are visible elements The result is that 

higher resolution can be obtained but a greater obscuration of the displayed image 
occurs. 
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The consequences of these considerations are that touch panels become restricted 
to use in selection tasks and that the number of alternatives must be quite low, on the 
order of a 4 x 4 matrix oh the face of a display within easy reach of the controller. 
These restrictions may be quite acceptable in some situations, for example, information 
retrieval. Ii« the environment of real time control exercised by multi-person teams, the 
limitations and inflexibility of these restrictions argue strongly against the use of touch 
panels. 

Light Pen. With a light pen, a light-sensing element is coordinated to the display of 
a specific light-emitting image on the display screen. The light-sensing element is 
typically housed in a lUbular object resembling a pen (albeit vaguely), hence the name. 

The resolution of a light pen is much greater than that of a touch panel, but the 
user is required to wield the device. When used with a keypad, a continued change 
between grasping and positioning the light pen and positioning the hands on the keypad is 
required. Because the light pen must be held for activation nearly perpendicular to the 
display screen, an unnatural position in most VDT configurations, users tend to report 
arm and hand fatigue after lengthy sessions. As with the touch panel, obviously, the 
display screen must be v;ithin easy reach of the user. 

The alternation between using a keypad and *ising a lightpen is referred to as a 
change in "modality." While many interaction techniques require a change in modality, 
the change with a lightpen is most drastic because the plane of the hand's movement is 
changed from the horizontal to the vertical, i.e., a complete muscular reorientation is 
required. 

While the lightpen remains a very powerful technique due to its high resolution, 
other techniques obtain even higher resolution with less change in modality, thus with 
less muscle fatigue and lower error in precise tasks 


Tablet and Stylus , The tablet is a flat worksurface equipped with sensors to detect 
the location of a stylus (pen) point on its surface. It may be used much like a sketch pad 
and is frequently the input technique used for sketching. As the stylus point is detected 
on the worksurface, a cursor or other pictorial element is displayed at the corresponding 
location on the display screen. The tablet and stylus has been succe 5 *sfully used in a wide 
variety of interaction tasks. However, because the tablet-and-stylus works best when 
the tablet is the same size as the display screen, it is a large piece of equipment. Since 
the operating feedback comes from the visual display, a large degree of motor skill is 
involved to move the hand holding the stylus while the eyes remain on the visual display. 

Mouse . The mouse is a handheld device whose underside is equipped with wheel-like 
rotating elements. The mouse is used to move a cursor displayed on the screen. In 
contrast to the tablet- and-stylus which determines absolute locations on the display, the 
mouse generates relative movement of the cursor. A consequence is that the mouse may 
be used on any convenient surface and that long cursor movements may be generated by 
repeating short movements of the mouse. For tasks requiring cursor movement, the 
mouse has consistently been determined to be the most practical interaction technique. 

Joystick. The joystick is a mounted rod which the user pushes in the direction the 
displayed cursor should go. It may work on the basis of angular displacement or 
pressure. While conceptually quite appealing in its analogy to a pilot's control stick, 
practical implementations have routinely suffered from non-linear response 
characteristics. It is difficult for the user to determine beforehand just exactly the 
angles and pressures required to bring the cursor to a desired position. As a result, an 
extended period of trial-and-error is typically needed to obtain a given result; time to 
complete ta5:ks and error rate xe relatively high. 

Trackball . The trackbau 5s used to control relative cursor movement by rotation of 
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the exposed surface of a ball element in the desired direction. A trackball is 
conceptually a joystick without the stick. Trackballs exhibit the same problems of non- 
linear response as joysticks do. 

Cursor Control Keys . This is a set of keys on a keypad. Each key controls cursor 
movement in a separate direction. Typically right, left, up, and down cursor control keys 
are possible. Thus, only right angle movements, horizontally or vertically, are provided. 
Cursor control keys are used predominantly with the display of textual information to 
locate a particular character on the display, i.e., movement is from one character ceU to 
another rather than from one pixel to another. 

Some systems allow the terminal user to switch back and forth between different 
modes of interpretation of the cursor control keys. In the text mode, the cursor 
movements controlled by the cursor control keys define row and column coordinates. In 
the graphics mode, the cursor movements define X and Y display coordinates. In such a 
graphic mode, an object such as a crosschair is displayed to indicate the current location 
of the graphics cursor. Resolution to one pixel is easily obtained in this mode. However, 
the penalty of FitVs Law is quite high when movements are constrained to the vertical 
and the horizontal. Pitt's Law asserts that 
T = Q + K logj A/(B/2) 
where T is the lime of the positioning move; 

A is the length of the positioning move; 

B is the size of the target; 

Q and K ar j empirically determined constants. 

Thus, for satisfactory use of cursor control keys, targets should be relatively large (i.e., 
of low resolution) and ample time should be allowed. 

A major attraction of cursor control keys is that they may be built into the 
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standard keypad, requiring no separate equipment or changes in the hand modality. The 
preferred configuration of cursor control keys is illustrated in Figure 5-8. This 
arrangement maps the intuitive relations of up-and-down and left-and-right. The central 
key is often implemented as the Home key. Any key used to designate selection should 
be removed from this immediate arrangement to avoid erroneous selections caused by 
missplaced keystrokes. 

Power Region Control Keys . This is a set of keys on a keypad. Each key controls 
selection of a subregion of the display (Bocast, 1982). Figures 5-9 and 5-10 illustrate the 
keypad arrangement and a typical selection sequence. Regions selected ore indicated by 
altering the background color of the display. Like cursor control keys, power region 
control keys share the same hand modality with the keypad and require no extra 
equipment. 

The principle functional difference is the speed of indicating a high resolution 
subregion of the display. The power region technique, for example, can resolve to any 2 
X 2 pixel subregion on a 512 x 512 display in 5 keystrokes. However, the nature of the 
recursive reorientation of the meaning of the control keys may make it difficult to 
exercise this technique. 

Alphanumeric Keyboard . The standard input device, providing keys similar to a 
typewriter keyboard. Using the alphanumeric keypad, the user enters strings of 
characters as commands or directives and data. As with ordinary typewriters, effective 
use of alphanumeric keyboards requires the development of reasonably sophisticated 
motor skills resembling those of touch typing. In one way or another, all interaction 
tasks may be carried out using the adphanumeric keypad, and it is found whenever 
command-control computers are actively used. The interaction tasks are specified by 
strings of characters entered by the user. Generally, the echo of the commemd itself as 
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typed in and the effect of tne command must be displayed. Depending upon the 
complexity and number of the available directives and the resolution required, lengthy 
strings may be needec' to fully identify and qualify a given command. As the number of 
characters typed increases, so does the time taken end the error rate. 

Function Keyboard. The function keyboard is a special purpose keypad. The keys 
of the function keypad represent unique functions or procedures to be carried out when 
the key is pressed, rather than alphanumeric characters. The function keyboard can 
greatly reduce the number of required keystrokes (as is demonstrated, for example, by 
their widespread adoption as input to -'^ash registers in fast food stores). Further, the 
keypad itself acts as a physical menu of the possible control commands. Many terminals 
incorporate function keys in the same unit as the alphanumeric keypad. 

Soft Keys. Soft keys refers to a keyboard technique in which the definition of the 
meaning of a keystroke is under software controL Typically, the current definitions are 
displayed on the screen. When a key is depressed, the indicated function is carried out. 
On some systems an area of the display may be reserved for the soft key definitions and 
certain designated keypad keys are permanently associated with these definitions. At 
the other end of the spectrum are menu-driven interaction routines. In these, a menu of 
choices is displayed on the screen, and each menu choice identifies the alphanumeric key 
to use to select the choice. With menu-driven techniques of this type, the entire 
alphanumeric keypad becomes a set of soft keys. Intrinsic to the use of soft keys is the 
need to set aside at least some portion of the display for the definitions of the key. 
Thus, soft key applications may restrict the controller's view of the system under 
supervision. 

Chord. The chord is a unit containing a set of keys pressed in combinations rather 
than one at a time. Thus, several keys are played at once to produce a chord as on a 
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piano* Tbe need to remember the different chord combinations and then to finger the 
chord accurately has proven to be a severe drawback to acceptance of chord devices* As 
a device, it is essentially an effort to reduce the number of function keys required to the 
log to the base 2 of the number of function keys. While this may greatly reduce the size 
of the hardware, the use of more than 3 keys (8 chords) leads to rapid memory overload 
arid rather slow human response times. 

Voice * While all of the preceding techniques are based upon hand and finger 
manipulations, voice techniques rely instead on the electronic interpretation of spoken 
words* Systems capable of this task are rapidly becorrt’tg more sophisticated, capable of 
understanding larger vocabularies at higher speeds* At this point, voice systems are 
trained to specific voices. Voice input must be clearly enunciated, facing a calm and 
measured speech pattern. Word? spoken hurriedly, while under stress, or even while 
suffering from a cold, may not be understood. 

For any given word (token), voice input may be faster than corresponding 
alphanumeric input* Quite clearly, major attractions of voice input are that it leaves the 
hands free for otner uses and that commands may be spoken into a neck microphone 
while the user physicedly moves about. Functionally, voice input is an alternative to key- 
board based techniques* 

Sensors . Sensors refer to ongoing experimentation with currently exotic techniques 
based upon whole body sensing. These techniques do not provide the user with a specific 
tool like a lightpen. Rather, they place the user in an instrumented environment which 
senses the physical movements of the body and interprets these in meaningful ways for 
the computer. Techniques such as those under development in the Spatial Data 
Management System by the Architecture Machine Group at MIT will need to be 
considered carefully for future use, particularly in multi-person environments. 


Guidelines 


It should be evident from these brief descriptions that the applicability of a specific 
interaction tool or teclinique depends upon the task to be performed, the physical 
environment of the task, and the characteristics of the user. This section’s guidelines 
would apply, assuming the following conditions: 

o that the environment is one of real time command and 
control. This requires a minimization of response time and 
error rates. 

o that the flow of data and commands is potentially complex 
in its structure, requiring the ability to select quickly and 
accurately from among many alternatives and thus 
requiring high resolution techniques. 

o that control and supervision will be exercised by a team of 
appropriotely trained individuals. 

o that voice communications will be used to coordinate and 
pass information among teams of controllers. 

o that data and system states will increasingly be presented 
graphically and that three-dimensional physical or 
symbolic animation will be incorporated into the repertoire 
of data display techniques. 

1. An alphanumeric keyboard should be provided as the fundamental 
interaction technique. No matter what other interaction technique(s) 
is (are) employed, the user should be able to simulate the technique 
using the keypad. 

Corollary; The standard keypad should be capable of generating 
a full 256 character set to support such simulation, using (CTRL) and 
(CTRD(SHIFT) combinations as well as special function keys. 

2. Cursor control keys should be incorporated into the standard keyboard 
in the preferred configuration of Figure 5-8. Ideally, the 
configuration of Figure 5-8 may be adopted; this confi^ation allows 
then implementation of standard text, standard graphics, and power 
region cursor controL 

Corollary 1; The display device should have addressing 
resolution to one pixel. 

Corollary 2: The display device should support figure/ ground 
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reversals, like "inverse video." 

3. Additional interaction facility should be provided by a mouse. 

4. Touch panels are not appropriate for the real-time control 
environment because of their lack of resolution and their requirement 
for physical touching proximity to the display. Touch panels ore 
appropriate for untrained individual users making simple selections 
from a fixed user position and outside of realtime, especially in 
confined quarters where no provision for a keyboard can be made. A 
touch panel would be excellent for a personnel officer working in a 
submarine. 

5. Light pens are not recommended in the control room environment 
because of the requirement for physical touchiiig proximity to the 
display. For example, a light pen could not be used for interaction 
with a large screen area display while a mouse may be iced in such an 
application. 

6. The tablet and stylus are not recommended in the control room 
environment because of the working surface they require and due to 
the difficulties of eye/hand coordination in theii use. The tablet and 
stylus are highly recommended for digitizing analog data, such as 
sketching and maps. 

7. Joysticks and trackballs are not recommended. Due to their non- 
lineai* operating characteristics, they are invariably outperformed by 
the mouse with its linear operating characteristics. 

8. Chord input devices are not recommended. • 

9. Voice input devices are in general cautioned against in the 
multiperson control room environment. In this environment, the level 
of voice communications within the team and with other grouos 
argues against adding to the general noise level. Indeed, in thr 
environment the "hands free" attraction of voice inp *t is 
counterbalanced by the need for the controller to keep his mouth :V *e 
for communications with team members and other groups. 

Further, the present requirements to "train" a voice input device 
argues against the emergency interchange or replacement of 
controllers. At the current state-of-the-art in voice input 

technologies, multiple training over several operators quickly 
becomes very resource demanding. Voice input is appropriate for a 
single well-defined task, such as security recognition or inventory 
monitoring. In the first case, we have many users but a very small 
vocabulary; in the second, we have a large vocabulary but typically a 
single user. 
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10. Soft keys should be used with caution in the control-room 
environment because the key definitions can greatly reduce the 
display needed to monitor the system under control and supervision. 
When one can leisurely consider the data and then turn to 
consideration of action alternatives, soft keys, particularly in the 
form of menus, have proven to bo very effective, even though time 
consuming. 

Corollary: Interaction techniques should be chosen and 

implemented to preserve as much as possible of the view of the 
system provided by the display. The guidelines suggested here v/ill 
support personnel inter-operability, suppoi t control workstation inter- 
operability, support interaction with both individual and large-screen 
displays, and minimize the workspace and the hardware required at 
each control workstation. 


ISSUES FOR FURT.iER RESEARCH 

A great deal of research has been conducted on the human factors of VDT devices 
in the workplace. Almost exclusively this research, has taken place in the environment 
of the office. Many of these findings, for example, those concerning health hazards, are 
generalizable to any environment. However, the validity of an extension of ^ findings 
from an office environment to NASA's control room environment remains to be verified. 

The first part of this chapter covered the ergonomics of VDTs in office 
environments. An important qualification of these studies is that they have, in the main, 
been concerned with monochromatic displays used exclusively for text processing by 
single autonomous operators. A great deal of useful information has been developed 
within this context. Unfortunately, little information is readily available on the topics of 
color and graphics, which are of ever increasing importance in the control room 
environment. These technologies and thei' applications are still so new that only bits end 
pieces with a human factors impact have entered the literature. This is not to say that 
there is not a wealth of material available on graphics, per se. However, nothing speaks 
directly or indirectly to the human factors issues of computer hardware for graphics 
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generation which is not subsumed under the other sections of this chapter. 

The conclusions of the ergonomics sections need to be verified and extended for the 
NASA/GSFC environment. But the realms of color and graphics for the NASA/GSFC 
control room er;vironment, particjlarly in a multi-person team context, are alinost 
completely unexplored. Those in the field barely know yet how to phrase the correct 
questions relating physical hardware capabilities for color and graphics to speed and 
reliability in human performance. 

The following are some examples of such basic questions which need to be examined 

from the human factors perspective of human performance efficiency: 

o What is the optimum display resolution for graphics tasks? 

o Does the use of vector o: of raster graphics technology impact 
performance? 

o Does color used in pictoral representation interact with the use 
of color for coding? 

o Is there an optimum or a threshhold for update intervals on 
real-time animation? 

o For information display in a real time control room, is there 
any optimum subset of a 3-dimensional color space? 

o Can multidimensional interaction techniques be developed? 
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CHAPTER SIX 

HUMAN FACTORS OF COMPUTER SYSTEMS; THE SOFTWARE 
INTRODUCTION 

The previous chapter surveyed human factors considerations of the hardware or 
physical ciiaracteristics of computer systems in general, emphasizing i^DTs tn 
particular. This chapter will address the software or informational attributes of 
computer-based systems. 

Software or informational attributes are fundamentally design issues; that is, given 
a piece of hardware and its associated capabilities and limitations, the software design 
issues concern how best to use the hardware capabilities to enhance the user-computer 
interface. These are issues which are highly discretionary, giving a good deal of 
flexibility to systeni designers. Moreover, these issues are critical determinants of the 
effectiveness and efficiency of the human-computer system. Poorly designed displays 
lead to operator annoyance, stress and strain, and in the worse case, operator error. 
Unfortunately, the software design issues are not nearly as well understood as the issues 
dealing with VDT hardware. Partly, it is a matter of time. Over the next several years, 
as the research evidence accumulates, many useful guidelines can be expected. On the 
other hand, some of the issues are difficult issues; they are often poorly defined and 
dependent on an understanding of human information processing which is far from 
complete. 

As in the previous chapter, this chapter will present synthesized results from 
published guidelines and, for those issues for which the evidence is still inconclusive, user 
considerations. Topics include some general guidelines for the design of interactive 
systems, properties and types of interactive dialogue, coding techniQues, informational 
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properties of displays, system-generated messages, and system response times« These 
topics will be precceded by a short discussion of the design problems created by the 
introduction of computer-based displays into the command and control environment. The 
chapter concludes with a discussion of the needs for further research. 

DESIGN ISSUES FOR COMPUTER-BASED INFORMATION DISPLAYS 

In traditional command and control environments, information is displayed using 
banks of information displays, often called dedicated displays. Dedicated displays are 
typically unimodal or single-function and hardwired to the console. Dedicated displays 
present information in paraUel, showing all the information they are designed to display 
all of the time, with no potential for selectivity. The operator, therefore, is required to 
assimilate the full set of displayed data, mentally and visually culling out that which is 
I pertinent to the situation at hand. For a complex system, dedicated display control 

rooms have vast expanses of displayed data, inevitably leading to information processing 
problems for operators and space problems for designers. 

An integrated information display is one in which many signals or pieces of data are 
presented in an interrelated form in a smaU area, usually on a CRT screen. Computer- 
generated information displays permit reconfigurable data screen formats in which not 

all of the data are displayed all of the time. 

Given the technology for integrated displays, the possibilities are exciting. 
Integrated displays permit a selective presentation of information, providing a window 
into the system so that only a smaU portion of the system variables are displayed at any 
given time. Integrated displays centralize data, reducing the time the operator must 
spend searching for relevant pieces. Such displays afford the possibility of combining, 
summarizing, and abstracting primitive or low level status information in order to 
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present it to the operator in a form more compatible with the operator's high level 
information needs. Integrated displays permit designs v/hich allow the operator to 
control the displayed data, the level of detail, and the level of abstraction. 

The advent of minicomputers, microcomputers, and CRTs makes the computer- 
based control room an attractive alternative to conventional designs. Human factors 
reseejch and emerging technology have continually improved the hardware aspects. The 
design problem of what to display on the screen has received little attention, however. 
This is basically a design problem, and the design problems for computer-generated 
displays are complex. In a dedicated display configuration, the primary design issue 
consists of a determination of the total information needs of the operator and, given 
those information needs, determination of how best to display the information. The key 
point, however, is tnxt the designer of a dedicated information display system must 
decide these issues only once, whereas the designer of an integrated information display 
must make these decisions over and over again, for a multitude of system states and user 
needs. 

Integrated display design must include three additional considerations. The first is 
the dynamic capability of integrated displays. In a dedicated environment, information is 
always present in the same form, regardless of the current information requirements or 
system state. Integrated displays afford the designer the opportunity to create dynamic 
rather than passive displays. Thus, a major design issue for integrated displays is not 
only what to display, but also when to display it. 

The second issue concerns the capability of computer-generated displays to vary 
the level of detaU of the displayed information. Integrated displays have the potential to 
change the mode of the displayed data, to summarize or aggregrate lower level sources, 
and to t bstract or present the states of multiple system components in a form more 


useful to a human operator. By relieving the human operator of some of the more 
tedious information processing tasks required in monitoring and interpreting multiple 
information sources, integrated displays can be very helpful in reducing the information 
overload problems typical of data-intensive control stations. Integrated displays can 
selectively display data, suppress less important pieces, and prioritize others. 

The third major design challenge for integrated display stations is the need for 
development of schemes to enable the operator to access required information 
effectively and efficiently. The goal in designing an integrated Information display is to 
make it as easy and natural for an operator to extract information from the computer- 
based display as it was to scan the displays of a conventional control room. 

These design issues are critical in real time environments but relevant in almost 
every setting in which a VDT is used for decision making. Some of the design guidelines 
and user considerations which follow begin to address these issues. However, for the 
most part, there has been very little comprehensive research on fundamental design 
principles for information disolays. Except for some preliminary work on such properties 
as coding techniques and some general guidelines on formatting and labelling, little has 
been done to determine how best to exploit the power of computer-based displays. 

GENERAL PRINCIPLES FOR EFFECTIVE DESIGN 

Pew and Rcllins (1975) suggest that a fundamental requirement for effective design 
of the human-computer interface is knowledge of the user population for whom the 
system is being designed. This includes an understanding of user backgrounds and 
knowledge, level of training, turnover in their jobs, and level of computer expertise. 

At a deeper level, it is important to have an understanding of those psychological 
issues which motivate users and those which limit user capability. A primary factor 
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*«hich limits or degrades human performance is the set of limitations on human memory 
and human Information processing. Both Martin (1973) and Shnelderman (1980) provide 
brief reviews of psychological models of human memory and Information processing 
strotegies. A more thorough treatment is presented in Chapter Seven of this document. 
Although psychologists have not reached a consensus on the processes of information 
storage, retrival, and synthesis, there is a good deal of information which the designer 
can use to avoid configurations which are likely to tax the human component ot the 
human-computer interface. 

The attitude of the system designer towards the Intended user is also critically 
important. Pew and Rollins (1975) suggest that systems should actively promote the 
personal worth of the individual user by respecting the Intelligence, capabilities, and 
professionalism of 1 he users. On an obvious level, this suggests the complete elimination 
of computer-generated jokes, ridicule, or praise. The computer-to-human dialogue 
should be concise, professional, and clear; this includes system prompts, command 
acknowledgments, and error messages. 

Another generally agreed upon principle is that the user should be granted os much 
control as possible (Shnelderman, 1980). Good system design matches the level of control 
to the expertise of the user. Novice users will rely heavily on the system which tends to 
control the human-computer Interaction; intermediate and expert users prefer system; in 
which the user has much more extensive control. A careful match of user to level of 
control will help to reduce user anxiety and frustration. 

Computer-to-human communication should always be characterized by consistency 
and clarity. Error messages and other system-generated messages should be simple, 
direct, and unambiguous. When reporting errors, wording which does not imply fault 
should be used. Displays with variable format screens should strive to maintain 
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consistency across display screens. The same coding techniques should be used across 
screens. Position should be used as an information parameter whenever possible i.e., one 
portion of the screen should be reserved for error messages and warning messages. 

Pew and Rollins (1975) suggest two final general guidelines. The system should, to 
the extent possible, carry forward a representation of the user's knowledge base. 
Whenever possible and useful, the system should keep track of previously made user 
choices and previously entered data so that the user is not required to reenter the data at 
a later time. To the extent possible, the computer should be an active decision aid, 
relieving the user of taxing bookkeeping. Finally, systems should be designed to allow 
users every opportunity to correct their own errors. Immediate feedback to users and 
the opportunity to correct errors quickly are major advantages of interactive systems 
and should be exploited in every way possible to minimize errors. Both are very 
rewarding to the user and, at the same time, contribute directly to system 
effectiveness. 

THE DESIGN OF INTERACTIVE DIALOGUES 

A fundamental design issue for the human-computer interface is the determination 
of the nature of the interactive dialogue. There are several types or modes of 
interactive dialogue. Choice of a particular dialogue strategy is typically both task- 
dependent and user-dependent. Before embarking on a comparison of specific dialogue 
types, an excellent presentation of dialogue properties provided by Ramsey and Atwood 
(1979) will be summarized. 

Basie Properties of Interactive Dialogues 

The dialogue properties discussed in this section are particularly important because 
they apply to all dialogue types and have some empirical data v/hich supports the 
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conclusion. Figure 6-1 summarizes these properties and has been abstracted from the 
Ramsey and Atwood stud”. 

In designing a human-computer dialogue, the issue of initiative must be addressed. 
It is important to focus on characteristics of the user who initiates an exchange. 
Research shows that computer-initiated dialogue is best for naive or casual users who 
require few exchanges with the system. More sophisticated users prefer the user control 
that user-initiated dialogues provide. Although there are design costs associated with it, 
a mixed mode system which allows the user to select the type of dialogue is probably 
{referred to a single mode system. 

Flexibility is a measure of the number of ways the user can accomplish a given 
function. Some evidence suggests that flexibility is helpful for expert users. This is not 
the case for beginner or intermediate us^s v/ho tend to adopt a satisficing strategy, 
learning only enough commands to accomplish exactly what they need. 

Complexity and power are concepts related to flexibility. Complexity is a measure 
of the number of options available to the user at a given time. There has been little 
research in this area. Some evidence suggests that too much complexity, particularly 
when it is due to a large amount of irrelevant data, is detrimental to performance. At 
the opposite extreme is evidence that deep but sparse hierarchic structuring, though 
reducing complexity, is also a detriment to performance. Display complexity is an 
important issue and merits additional research. 

The final property related to flexibility and complexity is power. Power is defined 
as the amount of work accomplished by one user command. A powerful human-computer 
dialogue allows users to accomplish a great deal with one or two "high level" commands. 
There is a feeling among managers that a powerful system tends to confuse users. 
Because power is often confounded with high complexity or a lack of generality, the issue 
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of power may not be so easily resolved. As with initiativei the best system is probably 

one which has a mix of commands: some low level and some quite powerful. 

Ramsey and Atv/ood (1979) quote the design folklore which says "flexibility is good, 
complexity is bad, power is good." They note that this rule of thumb is simplistic end 
that a good deal of additional research is needed on these issues, especially for specific 
user types and specific task domains. 

The final characteristic on which a human-computer dialogue may be evaluated is 
information load. This is a measure of the cognitive load that the dialogue imposes on 
the user. Ramsey and Atvrood (1979) note that there is no evidence that existing 
knowledge about the measurement and effects of information load is being applied to 
system design. In fact, information overload is one of the most common problems cited 
in conjunction with information displays, particularly in control rooms (Seminara et aL, 
1979). The evidence is that user performance is affected by either too much or too little 
information. There are numerous techniques for reducing information load. They include 
use of displays, more powerful commends, more natural languages, and less operator 
input. 

Types of Interactive Dialogue 

The selection of a dialogue mode is one of the most critical decisions in the design 
of the human-computer dialogue. This section will review five major types: form-filling, 
question-and-answer, menu selection, commend languages, query languages, and natural 
language. In addition to these, many other varieties and possible combinations provide a 
spectrum of modes. Several sets of design guidelines for the selection of dialogue type 
exist; reliable sources include: Martin (1973), Pew and RoUins (1975), Engel and Granda 
(1975), Ramsey and Atwood (1979), Shneiderman (1980), and Williges and Williges (1981). 

Form-Filling . Form-filling dialogue is appropriate when data entry consists 
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primcrily of parametric values. This kind of dialogue requires only a moderate (.mount of 
user training and efficiently replaces its hard copy analog; it is particularly appropriate 
when there are multiple forms to process. Ramsey and Atwood (1979) report that form- 
filling dialogue was found to decrease data entry time forty percent when compared to 
unaided input. 

There are several guidelines for the design of form-filling dialogue sessions. Input 
frames should consist of fixed, protected background fields and variable foreground 
fields. Backgp*ound fields should always contain the same information and the cursor 
should skip over them when a space or tab is executed. Vuriable fields should appear as 
underlined blanks or a reverse video field which are to be filled in by the user during data 
entry, m exception is made for default values, which should be automatically displayed 
in the appropriate fields. User acceptance of defaults should be signified by means of a 
carriage return when the cursor is positioned at the field. Easy cursor movement should 
allow the user to proceed from field to field. Error messages should clearly indicate a 
failure to provide a required entry. 

Question-and-Answer. A question-and-answer dialogue is one in which the user 
responds to computer-generated questions. For the novice user, this is the simplist type 
of dialogue; it is not particularly desirable for frequent or experienced users. General 
format should be brief and concise with an obvious indication of the range and syntax of 
the desired response. 

Menu Selection. Ramsey and Atwood (1979) describe menu selection as the 
archetype of interactive dialogue modes. The range of choices or candidate user options 
is presented directly on the screen. This dialogue mode depends only on a passive 
vocabulary and on memory recognition. The user need only recognize the desired action, 
whereas both form-filling and question-and-answer dialogues usually require that the user 
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recall needed input. In addition, nrienu selection dialogue typically requires minimal user 
action to communicate a choice, one or two keystrokes, rather than the series of 
keystrokes required to type words, phrases, or sentences. As a result, menu selection is 
an attractive technique for non-skilled typists. 

Existing guidelines for menu dialogues suggest that menu items should be ordered 
on the basis of a logical structure or, failing that, in erder of expected frequency of 
use. If multiple menu screens are used, the screens should be sequenced based on the 
flow of the user's analysis. 

There are a number of ways to designate choices; the most common is by t; ^ing a 
return when the cursor is positioned or the desired option. If a selection code is used, it 
should be short, preferably one character. Numbers, beginning with 1 and continuing in a 
normal sequence, and alphabetics, beginning with A, are the most common. Typically, 
I codes are left-justified and the number of menu choices is limited to no more than ten to 

fifteen items. Larger menus should be restructured and broken into logical hierarchies. 
A general guideline for aU hierarchic displays suggests that the user should be given some 
indication of his current position in the hierarchy and a means of quickly moving around 
within it. 

Additional guidelines on menu design can be found in Williges and Williees (1981); 
however, as Ramsey and Atwood (1979) point out, few of these are supported b/ hard, 
empirical facts. Most are the result of expert opinion. 

Command Languages. Command languages constitute the most common interactive 
dialogue mode. This mode is the most hardware-efficient and minimizes user waiting 
time. How .ver, it is the mode which provides the least assistance to users, and, excef i. 
for extremely simplified systems, requires highly trained users. 

There has been little research suggesting guidelines for the design of command 
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languages. Ramsey and Atwood (1979) provide a review of existing literature. They 
suggest that future work in this area is necessary and should include topics such as 
command language structure and complexity; statement syntax including keywords and 
positional forms, separators and terminators, and abbreviations; aefault values; command 
choice; command strategy, and overcU dialogue style. 

Query Languages. Query languages can be considered as a subset of the command 
language dialogue mode. In a query language, the user interacts with a system which has 
access to a data base. The query language is used to retrieve information from the data 
base. Ramsey and Atwood (1979) note that ';here has been little generic research on 
query languages; ratiier, research has focused on specific query languages. The general 
consensus, however, is that both ccmputer-naive and computer-experienced users can be 
taught to use query languages. One study summarized by Ramsey and Atwood (1979) 
indicated that a layered or partitioned approach to query language design is most 
appropriate. This strategy would facilitate use by both experts and novices. Beyond this, 
however, ♦here are few generally agreed upon guidelines. One fairly recent study 
described by Ramsey and Atwood (1979) found that users are flexible and can learn to 
work with data bases having various structures so long as the structure matches the 
user's perception of the underlying problem structure. 

Natural Language Dialogv .e. Of all the dialogue .nodes, the natural dialogue mode 
is the most recent and thus, experimental, and yec it is the most appealing. The ultimate 
goal is to allow the user to interact with the computer in as natural a way as one would 
interact with another person. This goal, the unconstrained use of natural language 
dialogue, is not yet feasible. Present strategies require that the dialogue be restricted, 
creating a quasi or restricted natural language dialogue mode. 

The major restrictions are on syntactic and semantic structures. Syntactic 


coilstraints include structure, spelling, grammatical errors, and ambiguities. One area 
which is receiving research attention is the development of languages in which the 
computer system detects problems such as spelling errors or ambiguities and initiates 
corrective action. 

The semantic or vocabulary restrictions typically require that the user's choice of 
words be severely restricted. In problem-solving contexts, several studies have shown 
that a restricted vocabulary does not seriously affect performance. 

Ramsey and Atwood (1979) note that progress toward the total elimination of both 
syntactic and semantic restrictions is being made in the artificial intelligence area. It is, 
however, unlikely that results will be available in the near future or, if available, cost- 
efficient for nonexperimental systems. 

CODING TECHNIQUES 

Information coding is intended to assist the user in rapidly and effectively 
processing displayed information. Some of the existing guidelines were developed 
specifically for computer-based displays; the remainder are derived from traditional 
human factors sources and were developed primarily for electromechanical displays. The 
majority of the empirical studies compare two or more techniques, often in a task- 
specific context. Ramsey and Atwood (1979) point out that though this research is 
helpful in selecting a particular technique, there is little research which a designer can 
use to assist in applying a particular coding technique. 

Several overall guidelines should be kept in mind v/hen designing displays that use 
codes. Codes should be meaningful when possible and, rt a minimum, be clear and 
consistent with the user’s expectations. Color coding with red, for example, should be 
used sparingly and reserved for emergency or critical events or information. Coding 


should be used only if It increases legibility and discrimility; it should not be employed if 
It seriously affects response time or otherwise degrades the informational environment 
of the human-computer Interface. A reviev/ of specific coding techniques follows: 

Alphanumeric Coding 

Alphanumeric coding, the most prevalent type of display coding, Is the most 
accurate technique for identification tasks and is often used in search tasks. Its primary 
advantage is its unlimited number of coding categories. Problems with alphanumeric 
codes include space on the screen for the symbols, cognitive load due to the need to 
recall, and meanings associated with symbols. 

Shape Coding 

Shape coding, the use of such things as geometric symbols to convey information, is 
very appealing and is a natural application for computer graphics displays. There has 
been, however, little empirical study on the utility of this coding technique. Research is 
underway to evaluate the feasibility of using shape coding to represent multi* attribute 
data where the shapes vary according to the data values. This research is still very 
speculative, and no final evaluation of the merits of the technique has been made. 

Research does indicate that shape coding is useful for visual search and 
identification tasks (Ramsey and Atwood, 1979). A key Issue in shape coding is 
discriminability. The use of no more than fifteen different symbols is recommended; 
and, when possible, meaningful shapes should be used to help maximize the user's ability 
to discriminate among symbols. 

Color Coding 

Research suggesting appropriate guidelines for the use of color in information 
displays began to occur following the advent of color displays and color graphics 
terminals. Research suggests that color coding^both redundant and nonredundant— 
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yields better performance than other static achromatic coding techniques in visual 
search and identification tasks. Research also suggests that color coding must be 
"relevant" in order to produce the performance advantage; that is, the color choice 
should be logical, and the user should have prior knowledge of the color of the target 
item. 

There is some disagreement about whether color should be a redundant or 
nonredundant attribute in the information display. Problems with user colorblindness or 
color-weakness suggest that color coding as a redundant attribute may be preferred for a 
large, nebulous user population. If color is used redundantly, there may be some question 
as to the merits of using color at all. Research suggests that users have a strong 
preference for color displays, even when the use of color results in no measurable 
performance benefits (Ramsey and Atwood, 1979). Hence, color may be a component 
which enhances the "comfort level" of the workplace and, thus, may be an important 
aspect of a human-engineered workstation. 

There are numerous guidelines on the use of color (Durrett and Trezona, 1982; 
Ramsey and Atwood, 1979; Szoka, 1982; Willcges & Willeges, 1981). Most, hov/ever, fall 
into the category of expert opinion rather than empirical evidence. Future research 
needs to evaluate such recommendations carefully. Existing guidelines include the 
following recommendations: 

o Color coding should be used (1) to highlight related data 
spread about the screen; (2) to locate and flag headings, out- 
of-tolerance data, newly entered data, or data requiring 
immediate attention. 

o Color coding should be used cautiously to avoid clutter and 
unpleasant visual effects for the user. Bombarding the user 
with many brilliant colors will cause eye strain and 
cognitive load. 
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o Limit the number of colors (fewer tiian eleven are 
preferred) and number of hues. The use of different hues is 
often an effective alternative to using different colors. 

o In selecting colors, choice should be in keeping with the 
user's cultural expectations, e.g., red is for danger or 
emergency, green for normaL 

o In text displays with dark backgounds, red and magenta 
cause eyestrain and should be used sparingly. White, yellow, 
and cyan are easiest to read. If a light background is used, 
high contrast colors such as blue, black, and green should be 
used. 

o Compatible color combinations should be employed. 
Recommended combinations are blue/magenta, 
cyan/magenta, blue/cyan, yellow/green, yellow/red, 
magenta/red. Authors note that white works well with 
almost everything. Adjacent colors should be pleasing, and 
care should be taken to avoid bleeding. Outlining in white 
helps to distinguish adjacent colors and limit distortion. 

Highlighting 

Highlighting, like other coding techniques, permits the emphasis of some :» -r Vion or 
portions of an information display. Although, generically speaking, highlighting < an be 
extended to include color coding and blink coding, the highlighting discussion here will be 
limited to the technique of adjusting the brightness of displayed information or of 
presenting it in reverse video. Highlighting is typically used to attract user attention and 
to give feedback. For example, if a user is working on some field, the field should be 
highlighted so that the user knows precisely what is being manipulated. 

Highlighting, just as color and shape coding, should be used cautiously. Some 
guidelines recommend that effective highlighting requires that no more tiian ten percent 
of the display should be highlighted at a given time. As with shape coding, maximum 
contrast is desired to enable the user to quickly and accurately distinguish betv/een those 
items which are highlighted and those which arc not. If there are two levels, normal and 
reverse video are recommended (i.e., if the iiormal mode is light character on a dark 




129 




field, reverse video implies dark characters on a light field). At any given time, a 
maximum of three level of brightness is recommended in order to ensure 
discriminability. 

Blink Coding 

Hardware requirements for blink coding were reviewed in Chapter Five. In 
particular, the blink rate must be within specified tolerances in order to enable the user 
to match his/her scan rate with the blink rate. 

Blink coding should be used to attract the user's attention and is particularly helpful 
in high density displays. One empirical study found a 50% improvement in search times 
when target class items were blinked. 

As with other "attention demanding" coding techniques, blinking should be used 
conservatively. OrJy a few items should be blinking at a given time. Although users can 
I distinguish up to four different blink rates (one nonblinldng), restricting the categories to 
two is recommended, with an absolute maximum of three. Multiple blink rates and/or 
persistently blinking items can be very irritating, potentially causing eyestrain and user 
fatigue. The user should always be able to stop the blinking of a displayed data item. 

Miscellaneous Codes 

A number of other techniques for coding have been tried, though few with empirical 
evaluations. These include size, depth, motion, focus or distortion, and sound. Sound, as 
a coding technique, should be used very conservatively. Although it can be used 
successfully to attract attention and to present information in parallel sensory channels, 
it is a technique which, if overused, can quickly overload and impair the user's 
information processing capabilities. 
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COMPUTER-GENERATED MESSAGES 

Communication from computer to human is a critical component in the human- 
computer interface and is accomplished by computer-generated messages which appear 
on the CRT screen. These messages include prompts for more information, status 
messages, and help messages. In providing general ruli;s which guide the design of all 
computer-generated messages, Engel and Granda (1975) recommend that messages be 
concise but clearly understandable to the user. Cryptic codes are not useful and often 
disfunctional for nontechnical users. In order to try to match the level of the message 
with the level of the user, more detailed messages can be provided upon user request. 
Messages should provide the user only necessary information which is immediately 
usable. Moreover, the message should be self-contained and not require the use of an 
off-line reference manual. Jargon should not be used, and abbreviations should be used 
very conservatively. When used, abbreviations must be consistent throughout. 

In formatting messages, information for immediate recall or information which is 
difficult to remember should be placed at the beginning of the message; in contrast, easy 
to recall and less importart information may be placed at the middle or end. Items 
which must be recalled only for immediate entry are also placed at the end of message 
text. 

Error messages must be designed with the user's level of expertise in mind. This is 
a case-in-point of the general rule, but is critical in the design of an effective and "user 
friendly" system. Error messages should always reflect a respect for the user's 
intelligence and professionalism. No attempt at humor or punishment is acceptable. 
Messages should be available upon user request. 


INFORMATIONAL PROPERTIES OF VDTS 

Informational properties of VDTs are the collected attributes which define how 
data Is arranged or presented on a screen in order to convey meaningful information to 
the user. Using the convention that information is the meaningful part of data 
arrangement, this section addresses some of the guidelines and user considerations which 
may be incorporated into the design process in order to reduce the amount of information 
processing required of the user. 

Information overload is a problem for all designers of command and control 
information displays. The introduction of computers into control rooms, however, has 
the potential to aggravate the problem further. In conventional, dedicated-display 
control rooms, there was a limit on the number of electro-mechanical displays . could 
be packed into a workstation which was typically highly constrained. Com''’*^crs ^>ermit 
the almost limitless display of different pieces of data by allowing the hurriai iperator to 
call up various display pages. This capability is often linked with the design and 
operations prejudice that too much information/data is preferrable to too little. From a 
human factors perspective, this trend has potentially adverse consequences. One 
overwhelming conclusion substantiated by recent research is that the human information 
processor is very limited. He/she is slow, can handle only a few pieces of information 
simultaneously, and is tremendously burdened by the need to perform extensive data 
selection and integration. Displays with too much low level data, requiring continuous 
monitoring and periodic selection and integration of specific data items, risk information 
overload for the operator. Computers offer one compensation to offset the volume of 
data they arc capable of displacing in that the computers may be progframmed to display 
the data in integrated, nggregated forms more compatible with the user’s needs; that is, 
computers can be programmed in such a way as to perform some of the user^s 
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information retrived and synthesis tasks. Such displays function as user decision aids and 
are at the very edge of current research. As a result, research in this area is far from 
complete. This section will summarize the relevant results and indicate directions for 
further research. It is important to note that many of the guidelines and user 
considerations previously discussed are also helpful in converting low level data into 
useful information. A review of specific information properties of disp’ays follows: 

Display Density 

Ramsey and Atwood (1979) note that display density or the amount of information 
contained on one display page involves both perceptual and cogpfiitive issues. As indicated 
above, information overload is a serious problem in designing displays for real time 
environments. It has been shown repeatedly that increasing the number of data items 
displayed on the screen increases the time it takes to make decisions as well as 
increasing the number of operator errors. This is true whether the displayed data is 
relevant or irrelevant to the user's immediate decision making needs. Research, 
however, has not specified an "optimal" number of display elements. Ramsey and 
Atwood (1979) suggest that this number is task-specific. 

The guidelines which have emerged suggest that the number of simultaneously 
displayed items should be minimized. Moreover, irrelevant displayed data should be 
reduced or eliminated. Monitoring, examination, and rejection of irrelevant data 
requires a portion of the user's cognitive resources that could be better employed in 
processing data relevant to the decision at hand. 

User control of displayed data is an attractive attribute. By providing users with 
the capability to eliminate irrelevant items and also the ability to reverse such decisions, 
display designers are permitting displays which are sensitive to the user's subjective 
preference. Research has shown that there is a pp’eal deal of variation in the desired 
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amount of displayed data (Ramsey and Atv;ood, 1979). 

Programming low level data into a form more compatible with the user's high level 
information needs has also been shown to decrease errors and improve operator 
performance on command and control tasks (Mitchell, 1980). Methods for preprocessing 
do not exist, except for task-specific applicatl j. A generalized methodology is needed. 

Finally, density may be reduced by appropriate data organization and display. 
Techniques such as spacing and highlighting may be used to relate and group data, helping 
the user to turn data into information. 

Formatting Computer-Based Displays 

A major portion of human factors research addresses the issue of display design and 
layout. Unfortunately little of it is applicable to computer-based displays; the majority 
was developed for analog, electro-mechanical, dedicated displays. Of the material 
developed specifically for computer-based displays, the best is the presentation by Engel 
and Granda (1975). They recommend the use of perceptual organization of displayed 
data. Such organization can be accomplished in a variety of ways. One recommendation 
is to reserve certain portions of each display page for certain types of information, e.g., 
one area for error messages, another for user input. Ways of increasing the user's 
perception of structure include separation of a fairly uncluttered screen into windows by 
the use of blanks and the use of lines, colors, or intensities to distinguish windows of 
information in cluttered screens. The designer is warned against breaking up the screen 
into too many small windows; this practice also contributes to display clutter. 

Lists of items should be kept fairly short, with seven items the typically 
recommended maximum. Lists should be organized logically, either by frequency of use 
or, if there is no logical pattern, alphabetically. Individual items should be put on 
individual lines. 



A variety of other user considerations are presented by Williges and Williges (1981); 
however, there is a great deal of debate as to the tr.erits of most of them. The entire 
area of cognitive/perceptual organization and display layout is critically important and 
requires a good deal of serious research. 

Graphical vs. Nongraphical Displays 

With the advent of the technology of computer graphics, display designers have a 
choice between alphanumeric and graphical display formats. Ramsey and Atwood (1979) 
found a disappointing shortage of literature dealing with this question. Currently, the 
major determinants of the effectiveness of these two strategies are the relative 
importance of speed vs. accuracy, i.e., whether or not the user is required to recall 
information after the display is gone, and the type of information displayed. Although 
there is still some conflict in research results, information displayed graphically can be 
processed with more speed, yet alphanumeric displays permit greater accuracy. Some 
research indicates that alphanumeric displays, while slow to process, are more conducive 
to memorization. 

In general, users react favorably to the suggestion of graphical displays. Perhaps 
based upon the conventional wisdom that "a picture is worth a thousand word^, there is 
an increasing trend to use graphical displays, even though they often require expensive 
hardware and software. A clear priority in future research is the need to explore the 
appropriate uses and applications of graphics displays. 

Formatting Tabular Data 

For both tabular and graphical displays the best source of guidelines may be the 
existing graphic design guidelines used by artists and publishers. 

General rules suggest that data to be scanned and compared should be presented in 
tabular form with each item starting on a new line. The arrangement should have some 


useful ordeFf e.g., frequency of use, importance, functional groupings. For ease of 
scanning, lists should be left-justified with indentation for subitems. Lists should be kept 
short, preferably within one screen. 

Formatting Graphical Data 

Most research in the display of graphical data is for noncomputer-based displays, is 
out-of-date, and does not form a cohesive, integrated collection useful in specifying 
comprehensive guidelines. Some general ideas can be drawn from this research, 
however. In general, it is better to integrate multiple graphs, i.e., multiple lines on a 
single graph are bettor than multiple graphs, particularly for the comparison of trend 
lines. Axes should always be labelled. Symbols should drav/ on the cultural background 
of the user. 

Formatting Alphanumeric Data 

Numeric fields should be grouped for readability. Punctuation can be handled with 
commas, spaces, or hyphens. Lists of numbers should use decimal point alignment and 
nondecimal numbers should be right-justified. 

Alphabetic or textural data should use simple, concise sentences which are active in 
voice and affirmative in tone. Text should be left-justified and displayed in both upper 
and lower case. Paragraphs should be double spaced. Hyphenation and unnecessary 
punctuation should be avoided. 

Labelling 

Labelling is the act of placing a descriptive title, phrase, or word adjacent to a 
group of related objects or data. Labels can provide a quick soui’ce of information to the 
user. Every column and variable should have a label in order to facilitate user scanning 
and comprehension. Generally, upper ease labels are preferred. An acceptable 
alternative is highlighting. Labels should be composed of distinct, meaningful names 


which arc easily discriminated from surrounding labels end data. 

Further Resesreh 

Many issues on the informational properties of computer-based displays require 
further research. This area, more than any other, has received the least attention and 
yet, because of the flexibility made possible by the computer driving the displays, has the 
most design possibility and related concerns. The most difficult questions are raised by 
attempts to specify guidelines based on a cognitive or perceptual view of the user. 
Displays which take into account the user's strenths and limitations and are firmly 
grounded in good psychological theory are frequently described as "user friendly" 
displays. 

SYSTEM RESPONSE TIME 

Although system response time is not a property of a display, it is a critical 
determinant of the success or failure of an information display system. An interactive 
display which is too slow will aggravate users and detract from the overall effectiveness 
of the human-computer interface. An Interesting case in point is Multisatellite-2 at 
NASA/Goddard. Although the human factors of the display system were very well 
engineered, the overall system response time was so poor because of the needs of the 
color, graphical displays, that users preferred the more primitive yet responsive display 
and control environment of Multisatellito-1. R. B. Miller (1968) has presented a list of 
recommended response times. This list, though not completely substantiated by 
research, is widely quoted and provides rough estimates for designers. Miller's list is 
reproduced in Figure 6-2. Whether or not these exact times are met, a critical 
component of a system evaluation should be the examination of the system to ensure that 
the operation is not too sluggish and that the users feel comfortable with the response 
times. 
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User Activity „ 

Reasonable 

Response Time 

Control activation (for example, keyboard entry). 0.1 SECOND 

System activation (system Initialization). 3 .O 

Request for given service: 

simple 2 

complex ^ 

loading and restart 15—60 

feedback (following completion of input) . 2 — 4 

Response to ID. 2 

Information on next procedure. j 

Response to simple inquiry from list. 2 

Response to simple status inquiry. 2 

Response to complex inquiry in table form. 2-4 

Request for next 05-1 

Response to "exe— ;p roblem." ^5 

Light pen entries. 2 q 

Drawing with light pens. q 2 

Response to complex inquire in graphic form. 2-10 

Response to dynamic modeling. 

Response to graphic manipulation. 2 

Response to user intervention in automatic process. 4 

Figure 6-2. System response time as a function of user acclv'tv. 

(R.B. Miller, 1968) 
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CHAPTER SEVEN 

CONCEPTUAL ISSUES IN HUMAN FACTORS 
CONSIDERATIONS FOR CONTROL ROOM DESIGN 


INTRODUCTION 

In the spectrum of human factors considerations for control room design, there «*re 
many areas which have well-deUned issues and thorough, wcU-formulated design 
guidelines based on many years of practical experience, theoretical development, and 
empirical research. Particularly in areas related to the use of computers in the 
command and control environment, effective design guidelines become more sparse and 
there seem to be many more questions than answers. Even in these areas, though, most 
of the issues are fairly dear-cut end the questions well-defined. Some human factors 
considerations ere so new, however, that even the questions are hard to articulate. This 
chapter presents some of these issues and demonstrates their importance in system 
design. In addition, the chapter begins with an overview of information processing 
models of the human operator. This collection of psychological theory is neither clear- 
cut nor easily converted into useful design guidelines. Yet, it represents v/hat is known 
and/or hypothesized about human beings and how they process information. This is the 
be<k^k on which all past, current, and future system design giddellnes must be based in 
order to be effective. As such, it forms a fitting bridge from the guidelines material in 
previous chapters to the more speculative and conceptual materials in this and 
subsequent chapters. 


CONCEPTUAL MODELS OF INFORMATION PROCESSING 


The study of human information processing has received much attention in response 
to the increased use of computer systems and the increas^ recognition of need for 
better human-machine interfaces. Understanding the eonceptual basis of human 
information processing is important for any student of human behavior and is especially 
necessary for those who utilize numans as system components. Kantov/itz (1982) argues 
persuasively for a human factors approach to human information processing, which would 
integrate theoretical research results within applied settings. The benefits of this 
approach include a valid and reliable foundation for specific system design guidelines and 
a more effective human component in a system, with greater productivity and less 
margin for error. However, no framework exists for taking this approach. The following 
discussion attempts to construct a framework for a human factors approach by 
presenting an overview of several conceptual models of information processing and 
integrating specific guidelines where they exist. 

Definitions 

Human information processing can be defined os an active cognitive process that is 
analogous to a system. It is a flow and transformation of information within a human 
(Kantowitz, 1982). The human is viewed as an active information seeker who is 
constantly receiving, processing, and acting upon the surrounding environmental stimuli. 
Human information processing models are conceptual representations of cognitive 
behaviors. They attempt to delineate what cognitive processes occur and when and how 
these activities interact. Models of information processing are useful in representing the 
different theoretical positions and in attempting to define the limits and capabilities of 
human memory. 
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To piece limits on the humen's information processing abilities, an objective 
measure of information must be used. Psychologists measure information in bits (the 
term is a shortened version of binary units); a bit is the amount of information available 
to the human when one of two equally likely alternatives is chosen. The exponential 
relationship between bits and amount of information is expressed mathematically as: 

H = LogjK 

where K is the number of equal alternatives and probabilities, and H is equal to the 
amount of information received. If the human is presented with eight equally likely 
alternatives, a choice will yield three bits of information; sixteen alternatives, four bits, 
and so forth. The relationship is also expressed as the number of bits increasing as the 
amount of uncertainty decreases. It is estimated that the human memory can store 
between 100 million and 1 million billion bits of information (McCormick, 1976), a 
greater storage than any existing computer storage. Figure 7-1 illustrates the bits of 
information a human receives when processing familiar items like digits and letters. The 
system designer would seek to measure information objectively in bits, to provide a 
criterion for applied issues. When the amount of information received is considered in 
conjunction with human processing capabilities, affected design issues include number of 
displays for one task, number of coded colors on a command panel, or number of auditory 
codes. 

Human vs. Computer Information Processing 

Many human information processing models are analogous to computer information 
processing systems. The underlying flow or structure appears to be the same. Figure 7-2 
represents a simplified flow diagram that applies to both human and computer 
information processing systems. Humans input data from the senses while the computer 
system receives it from interactive devices. Both systems recognize, attend to, process. 
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Figure 7-1. Martin, 1973, p. 337. 


Flow oiacram of humam/computer infowwtioh processing system 



Figure 7-2 . 
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and store information, and both output some kind of information or action. The data 
output often becomes the data input for the next thought or task, creating a continuous 
loop process in both human and computer information processing. 

When a human is placed within a computer system, it is important for the designer 
to recognize that the human processing system interfaces directly with the computer 
processing system. Figure 7-3 b a simplified flow diagram illustrating thb interface. 
The output of one system provides input for the other, and to ensure optimal operations 
the computer processing loop should interface smoothly with the human processing loop, 
i.e., overload or ambiguous messages should be avoided. 

Short Term Memory/Long Term idemory Store Model 

The traditional conceptual information processing model b the short term memory 
(STM)/long term memory (LTM) store modeL Proponents of thb model conceptualize 
information processing as occurring in three distinct memory stores; sensory, short term 
memory, and long term memory. The stores are not physicol entities exbting in the 
human's mind, but rather, useful theoretical structures delineating the ongoing cognitive 
activities. A flow chart representation of thb model can be found in Figure 7-4. 

The initial memory store for information processing is the sensory store. It b a 
perceptual store thought to have tv/o major sensory channeb and to operate on a 
subconscious level. The vbual or iconic store receives information from the eyes while 
the auditory or echoic store receives through the ears. Sperling (I960), and Darwin, 
Turvey, and Crowder (1972) offer some experimental evidence for the existence and 
differentiation of these two sensory stores. Both are considered brief repositories for 
perceptual information capable of holding up to four or five items known os the span of 
apprehension, for 10 to 200 milliseconds (Loftus & Loftus, 1976). 

It b an accepted fact that a large portion of the vbual and auditory information in 
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cn environment is perceived by the human. The cocktail party phenomenon illustrates 
this. When in a situation where several conversations are occurring at once, the human is 
able to perceive many of them. However, the raw sensory information is useless until 
some meaning is attached to it. The processes of pattern recognition and attention 
accomplish this and in doing so, transfo* the selected information into the next store- 
short term memory. Otherwise, the sensory store has a very rapid decay rate. The 
human attends to one cocktail party conversation and excludes all of the surrounding 
perceptual noise from consciousness; the perceptual stimuli from lighting, music and 
other voices decay. 

The second phase of the STM/LTM model is the short term memory store, which has 
limited capacity and contains information being currently processed by the human. 
Experimental research, usi.ig free recall paradigms and resulting in serial position curve 
evidence (subjects are given a list of nonsense syllables to learn and when asked to recall 
them, remember more items from the be^nning and end of the list, rather than in the 
middle), supports the existence of a short term memory along with a long term memory 
(Loftus & Loftus, 1976). The short term store receives information from both sensory 
end long term stores (Figure 7-4) and is capable of holding information up to 15 seconds. 
However, it Is a transient store, and its contents continuously change unless rehearsed. 
Rehearsal, either verbal or mental, allows the human to hold informotion in short term 
store for longer periods of time, e.g., repeating a phone number as you walk from the 
directory to the phone, or to transfer it to long term store, e.g., individual's personal 
phone numbers become ingrained after repeating them often enough. Miller (1956) 
determined short term store capacity to be seven plus or minus two (7 i 2) items. The 
information content of the short term store is independent of item number because it is 
possible to increase content through the process of chunking. Chunking is a subjective 
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organization that incorporates informotion from several items into one chunk, e.g., when 
trying to recoU a list of 12 letters, o jnking them into four familiar acronyms, E3M-FBI- 
PHD-TWA, facilitates retention (ANACAPA Sciences, Inc., 1981). The information 
content per chunk can be objectively measured by determining the number of bits needed 
to encode or understand the chunk. When incoming information exceeds the human's 
short term store capacity, a breakdown in the ability to learn and understand occurs. 
Chunking information will help avoid this and give the person a greater available store. 
Increasing the capacity to process information. There are individual differences in the 
short term memory store capacity, i.e., some are able to incorporate greater amounts of 
information into one chunk than others, but the number of items remains at 7 ^ 2. 

The rehearsal and organization of information transfers it to the final phase of the 
STM/LTM processing model — long term memory store. Long term store is a permanent 
memory holding ail sensory and semantic information necessary for thinking. It is 
conventional memory that holds all the human's knowledge of the world. Information is 
encoded and held here and can be retrieved through the processes of recognition and 
recall. The strength of a memcM*y "trace" and the associative pathways of memory 
facilitate these retrieval processes, respeetit aly (Bransford, 1979). Decay from long 
term store, or forgetting, takes place due to interference and retrieval faflure. Two 
types of interference are attested: proactive, when information processed before 

receiving an item to remember effects the recall of that item, and retroactive, when 
information processed after receiving an item to remember affects its recall. 

Semantic/Episodic Long Term Memory Model 

One body of research suggests two types of long term memory (Tulving, 1972). 
Both types are permanent memory stores, but they differ in content. Like the STM/LTM 
model, this model makes a conceptual, rather than physical, distinction between stores. 
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Episodic long term memory is context specific and stores temporally coded information* 
How and when things occur, as they affect the individual, make up the content of 
episodic memory. The information within tWs store is considered autobiographical and 
changes quickly and continuously (Klatzky, 1980). Episodic long term store is quite 
susceptible to forgetting because the very act of retrieving or remembering information 
becomes a temporal event to be stored. This, plus the constant flow of new events as 
they are experienced and stored by the human, leads to a greater likelihood for 
forgetting. 

Semantic long term store, the other memory store proposed by this model, is not as 
susceptible to forgetting and is not context specific. Semantic memory contains all the 
human's general knowledge of concepts, principles, and meanings. It hoi* information 
that is independent of time and place occurrence, e.g., spelling rules, multiplication 
tables, and does not change very rapidly. The act of retrieval does not affect the store; 
and, as it is highly organized, retrieval is not random (Klatzky, 1980). 

The semantic/episodic long term memory model is an extension of the STM/LTM 
model. However, the STM/LTM conceptual model remains a dominant theory 
representing human information processing. 

Design Implications of the STM/LTM Model 

Two dimensions are used by humans to discriminate information within the sensory 
store. One is an absolute discrimination, the other, relative discrimination. When 
humans are presented with a single stimulus and have to discriminate it from all others, 
they must go to long term memory store to do so. The human information capacity n 
limited for making these absolute discriminations, and Figure 7-5 shows the capacity 
range for this kind of activity. As illustrated, the capacity for making absolute 
discriminations is 7 + 2 items. However, when humans arc prerented with two stimuli at 
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once and must make a relative discrimination between the two, their capacity for making 
discriminations is greatly increased. This implies that relative discriminations are much 
more efficient for human information processing and should be relied upon for quicker 
and less error prone Judgments. Relative discriminations greatly increase the short term 
store capacity. 

As stated earlier, the short term store capacity is limited. Figure 7-« lists five 
different types of items humans process and the corresponding short term memory span 
of each. Memory span is defined as the lotgest list of items that can be recalled without 
error Immediately after presentation (ANACAPA Sciences, Ine., 1981). Memory span 
differs according to item type but hovers around 7 + 2 items. For quick and effective 
human processing of the information these example items represent, the capocities for 
each should not be exceeded. 

One of the main contributions a human makes to a system is the ability to 
recognize patterns. Taking small ehunks of information and encoding them into larger 
chunks is a major human information processing skill. This ability can be highly utilized 
through the graphic representation of information. Graphic displays encode large 
amounts of information into one chunk or item, increasing the short term memory 
capacity greatly and making the human a more effective information processor. 

Strategies for Information Processing Model 

Some experimental research criticizes the STM/LTM model as being too structured 
when considering the cognitive activities involved in information processing (Moray, 
1978; Underwood, 1978a). The "flow chart" approach of the STM/LTM model does not 
consider the individual variability of processing sequences; it implies a structurally 
limited response process. The strategies model accounts for these variable individual 
processing sequences (i.e., strategies) within the structured limitations suggested by the 


150 



& 


Rwec OP ABSOLUTS PISCRiniNATteiS 


rriKULus 

OIHENSIONS 

AVSRASE 

DtSCRiniKATIOnS 

wn TOMES 

5 

LOUOMSS8 

5 

gXIIKTKESS 

5 

SIZE OP VIBMES OQJECTS 

7 

COLOBS 

9 


Figure 7—5. ANACAPA Sciences, Inc., 1981, Session 13'. 
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STM/LTM model. Human information processing is thus viewed os an individualistic and 
dynamic activity due to the wide range of available strategies. 

Mway (1978) defines a strategy as "subtle striving of a rather rational agent in a 
fairly orderly universe, impljdng the goal-directed, purposeful use of resources" (p. 302). 
Strategic manipulate incoming information dependent upon the individual's goals and 
expectations. The same stimulus offers different information to different individuals. 
One may process information using the sentence structure of some text while anotlier 
may use thw spatial location of items within the same text. Subjective organizations of 
information, e.g., chunking, are considered strategies. 

Proponents of this conceptual model stress the assumption that strategies are 
individually determined, yet work witliin cognitive structural limits. This assumptiem 
precedes others; the limits of one cognitive structure necessarily affect processing in 
other structures; past success with one strategy leads to its recurrent use, as well as lack 
of awareness for alternative strategies, and experimental assessment of strategies is 
inherently difficult. 

Strategies for human information processing are important elements of systems 
that involve ongoing human control. The operators of systems providing status 
information will develop monitoring strategies that can be positive or negative depending 
on the situation (Moray, 1978). While they may not be aware they are using strategies, 
their behavior reflects this. Strategy use by operators in complex systems is somewhat 
beyond the scope of this paper; the reader is directed to Moray (1978) and Underwood 
(1978b) for an in-depth treatment of the topic. 

The use of strategics for any human behauor is being researched by experimental 
psychologists. Strategies for information processing is the current model under 
investigation; therefore, all experimental results are not in. As it is, the model leaves 
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«ev®ral unanswered questions. Hov/cver, it is perhaps the most inclusive model •>f 
information processing available and an exciting alternative to the STM/LTM modeL 

Levels of Processing Model 

Tne fourth conceptual information processing model for review is the levels of 
processing model (Bransford, 1979; Craik & Lockhart, 1972). It is similar to the 
STM/LTM model, proposing three stages of memory called levels. It differs from the 
STM/LTM model by defining the levels as processes rather than structured stages. The 
model assumes that information is processed by the human at different levels varying in 
depth. The first level is the physical or perceptual level where processing occurs in 
terms of the physical appearance of stimuli The next level is acoustic v;here processing 
occurs in terms of how stimulus information sounds. The semantic level is last, er.d 
processing here is in accordance with stimuli meaning. It is suggested that these 
processing levels are ordered by depti), with physical attributes being processed at the 
most superficial level and semantic attributes at the deepest level. Information need not 
be processed at one level before going to the next; rather, any of the three can be 
directly accessed in any order. The levels are ordered by depth only. The major 
assumption this model makes is that deeper processing leai^ to better memory. Briefly, 
supporting theory states that processing of information leaves traces upon memory; tlie 
deeper the processing, the deeper the traces, thus leading to better memory (Bransford, 
1979). 

There are criticisms of this modeL The assumption that deeper processing leads to 
bettor memory must be qualified by tne type cf experimental task used to measure 
retenticai. There is no objective measure of depth in this modeL The experimental 
results show only that Semitic processing is more effecMve for retention tasks than 
physical processing, not that one level is deeper and thus more effective for ini'ormation 


processing. Without an objective measure of depth, the major assumption of the model 
can be challenged. The model does have preliminary support, and it provides another 
useful conceptual alternative. 

Serial vs. Parallel Processing 

The last conceptual information processing model, to be addressed briefly, is a 
dichotomous model focusing on pattern recognition. Items of information ere processed 
or recognized one at a time sequentially in serial processing. In parallel processing 
several information items are processed simultaneously. Experimental evidence for this 
model supports the existence of both processing types, rather than one as opposed to the 
other (Klatzky, 1980). Also, both appear to operate within all information processing 
mechanisms, especially the sensory store. 

Although both serial and parallel pi'oeessing are thought to occur in humans, most 
display designs are based on the assumption that humans are parallel processors. Parallel 
I processing best detects threshold changes; but, where specific event changes need to be 

detected, serial processing is better. Real time control situations call for parallel 
processing of informaticxi; however, there are limits to the parallel processing 
capabiUties. When information Is presented too rapidly, human performance suffers. 
Speed stress taxes human capacities, and performance on time shared tasks suffers 
(McCormick, 1976). Therefore, display designers are cautioned against presenting 
information at a rate greater than the human's parallel processing capabilities. 

Design Guidelines 

There are other conceptual information processing models, both similar and 
dissimQar to those outlined above. The five addressed here have one common premise; 
human information processing is a system. When the human component is interfaced 
with a machine system, designers must consider human information processing system 
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limits and capabilities. Figure 7-7 provides a flow chart illustrating the human 
information processing/mechine interface. The productivity of the entire system will be 
increased by attention to this interface. It is a simple proposal; but, as Kantowitz (1982) 
suggests, it is not always implemented due to the philosophical differences between 
theoretical and applied scientists. Both basics and applied research can benefit one 
another, resulting in design suggestions for better human-machine interfaces. 

Several guidelines resulting from experimental research using reaction time as a 

dependent variable can be found in ANACAPA Sciences, Inc. (1981), Pew (1971), and Van 

Cott and Warrick (1972). The following summarizes these source document guidelines: 

o To achieve rapid response rates to displayed information 
decrease the cognitive task load of the information, i.e., 
simplify the display. 

o Use of eye, finger, and tongue movements give the fastest 
reaction times, while head and foot movements take 
longer. 

o When an array of signals is required, each should be easily 
detectable from the others to ensure rapid response rates. 

o Direct stimulus-response compatibility, achieved through 
adherence to population stereotypes, decreases error rate 
and reaction time, e.g., use red for stop or warning, use 
meters that show increases with clockwise motions, etc. 

When presenting information to the human, designers should consider several 
criteria leading to more effective human-machine interfaces. These criteria for 
information suggested by ANACAPA Sciences, Inc. (1981), are: 
o detectability 
o discriminability 
0 compatibility 
o redundancy 
o meaning 
o standardization 
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Figure 7-7. Durretc & Stiramel, 1982, p. 399. 
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Research on the use of different sensory channels for informotiOT processing and 
their effects points to the following conclusions (McCormick, 1976} Van Cott & Warrick, 
1972): 

o Auditory stimuli capture the human's attention better t'lan 
other sensory channel stimuli, implying their use for 
warning or special events. 

o Added sensory channels providing redundant (i.e., identical 
and simultaneously presented) information increase the 
probability of reception. 

o The number of channel-con.pcting sources should be 
minimized. 

o Sensory channel capacity is limited. Figure 7-3 iUustrates 
the capacities for unidimensional stimuli, and Figure 7-9 
shows capacities for multidimensional stimuli. 

One effect of stress on the human is a narrowing of attention. In emergency or 
time-critical situatioas, information overload should be avoided; displays and tasks for 
I those situations should be designed as simply as possible. It was suggested above that the 
presentation rate for effective Information processing Is limited. Van Cott mid Warrick 
(1972) report that humans cope with excessive information presentation rates by using 
one or several counterproductive measures. They fail to respond to stimuli, respond less 
accurately, give incorrect responses, or respond as time permits. It appears that the 
optimal presentation rate of information is task dependent. One experiment reported by 
Van Cott and Warrick (1972) gives an upper limit of 43 bits/sec. for a reading task. 
Optimal rates for other tasks need to be experimentally determined within specific 
situations. 

Summary 

A human factors approach to human information processing necessitates a 
conceptual, as well as applied understanding of the topic. Currently, design guidelines 
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Figure 7-9. Van Cott & Warrick, 1972, p. 29. 


concerning human informatics processing and the humaiv-machine int^face ore sparse. 
Much more applied and theoretical experimental research needs to be done. However, an 
awareness of the conceptual issues in human information processing, to this point, can 
only benefit Goddard system designers end, in turn, command and control environments. 
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THE HUMAN AS SYSTEM SUPERVISOR 


As automation is introduced into command and control environments, the role of 
the huma is unquestionably changing (Sheridan & Johannsen, 1976). Traditionally, the 
.! . ran in a complex system functioned as a manual controller, interacting with the 
:.ed process in a direct, moment to moment manner. The human carefully 
mofutore-. lisplayed data, gave commands to change the current system state in order to 
bring it more in line with a desired objective, and evaluated the resulting output to 
ensure that the sequence of commands brought the system to the desired state (Figure 7- 
10a). In increasingly automated systems, these manual control functions have, for the 
most part, been allocated to the computer. Although the full or partial automation of a 
system or specific functions within a complex system may replace individual operators, 
the general trend is that automation does not usually result in a decrease in the overaU 
staff for a system; rather, a redefinition of tasks and reallocation of responsibilities is 
taking place as a result of increased automation (Rouse, 1981) A major new function 
which is emerging as the primary task of the human in automated systems is that of a 
monitor and supervisor of the banks of micro, mini, and large scale computers that do the 
direct controlling (Figure 7-lOb) (Sheridan and Johannsen, 1976). Although the trend is 
very clear, there are a number of problems caused by this new supervisory role, problems 
which must be addressed in order to ensure an efficient and effective human-computer 
interface and overall system performance. The two major issues concern: (l) the 

allocation of responsibilities between the human and computer, and (2) the creation of 
adequate mechanisms to affect the human-computer Interface. 

AUocation of Responsibilities 

Historically, the human in a control system was conceptualized as the flexible 
component. Tasks and responsibilities which the mechanical and electrical components 
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could not be trusted to handle were assigned to the human. This process of task 
allocation resulted in the human operator sometimes being over utilized and ct other 
times being underutilized. The procedure of "Job allocation by default” continues to be 
used in automated systems with insidious and potentially serious repo^cussions. The 
problems of task definition and allocation are very serious in the design of automated 
systems. 

Before addressing the major issues involved in task allocation for an automated 
command and control environment, it might be wise to review why a human is retained in 
the control loop at alL Rouse (1982) sums up the reasons very succinctly. The possibility 
of faQure is the reason for having the human involved in automatic control processes. If 
hardware and software failures could not occur and if automation were capable of 
handling all contingencies, then human operators would not be necessary. Failures, 
however, do occur; design limitations frequently manifest themselves even afta 
meticulous and thorou^ system tests and simulations. Thus, the primary task of the 
human in an automated control system is to detect failures end anomalies and to deal 
with them appropriately. In fact, it is likely, os the trend toward increasing automation 
continues, that the tasks of system monitoring, failure detection, and diagnosis will 
dominate the human's responsibilities in complex systems (Rasmussen & Rouse, 1981). 

The consensus seems to be that the human must be retained in most systems, even 
those with high levels of automation, in order to detect unexpected and undesirable 
system states and to "take control of the system" in order to ensure its continued and 
safe operation. The system design must specify the allocation of tasks and 
responsibilities in such a way that the human is able to earry out these functions to the 
best of his/her ability and that the system will operate in at least a minimally safe 
manner under degraded or failure conditions. 
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Recent research si^gests that care must be taken in introducing automation into a 
system. The thoughtless automation of particular functions may degrade the ovaell 
C:fficiency end effectiveness of the system as a whole and maJ<c the human's position in 
the system so ineffective as to be negligicUe. 

These issues were raised very pointedly by a NASA sponsored workshtp entitled 
Human Factors of Flight-Deck Automation— NASA/Ir.dustry V/orkshop" (Boehm-Dasds, 
Curry, Weiner, & Harrison, 1981). Participants representing the NASA-Ames Mart- 
Vehicle Systems Research Division, the Fed^al Aviation Administration, the Royal Air 
Force, airline companies, aircraft manufacture, universities, and consulting firms 
began with the premise that although technology has now reached the level where it is 
possible to automate many control functions, the more serious question is whether 
control function should be automated, taking into consideration various human factors 
issues. Though the issues were discussed in the context of flight deck automation, they 
are relevant to many control environments. 

The two issues most relevant to Goddard’s control rooms concern the effects of 
automation on the human operator. The first concerns the role of the human operator 
when the automated system is operating under normal conditions; at such times, the 
human operator is reduced almost exclusively to a system monitor. This passive role may 
leave the human, particularly a highly sldUed operator, bored and/or complacent and/or 
unhappy with a seemingly inessential position in the system. The second issue is a direct 
corollary. Personnel in automated systems are expected to function in two roles; the 
operator acts as a system supervisor and monitor when the system is functioning 
automatically and as a direct or manual controller during ema^gency or degraded 
conditions. The passive role of supervisor or monitor may cause him/her difficulty in 
making the transition to an active controller's activities. The workshop participants felt 
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that the roles of supervisor and manual controller were not necessarily compatible nor 
compIementar 3 ^ the roles may require two very different sets of skills end two types of 
knowledge or conceptual models of the system, making it very difficult to make a quick 
and effective transition from monitor or supervisor to active controller and bade. 

An experiment recently conducted at NASA-Langley gave support to these 
concerns. A study comparing the relative benefits versus eomplexity/cost of various 
levels of state-of-the-art autopilots was performed on a Langley general aviation 
simulator (Bergeron, 1981). Several disturbing trends were obsa*ved in this experiment. 
As the level of automation increased, pilots were taken out of the aircraft control loop 
and made managers of the autopilot functions. The result was a greater likelihood of a 
pilot's losing track of where he/she was in a lending approach, often leading to errors or 
blunders. The report noted that 

pilots can be lulled into a false sense of security or complacency with 
too many automatic icatures... the problem appears to be almost as if 
the pilot thinks of the autopilot as a copilot and expects it to think 
for itself. He allows himself to become completely engrossed in other 
tasks once the autopilot is set. Hence, he is frequently late in 
resetting new functions or confused as to exactly where he is in the 
approach. (Bergeron, 1981, p. 706) 

The report concludes that perhaps an intermediate level of automation may be 
preferable to the most automated device possible. In addition, the author states that 
more effective human/machine interface could alleviate some of the observed 
problems. 

A case in point using one of Goddard's own systems may also help to illustrate the 
potential problems in highly automated systems. In the process of reviewing human- 
machine interface issues for the current and proposed Multisatellite Operation-1 
(MSOCC-1) systems, several questions were raised about the appropriateness of the 
functions allocated to the human component in the next two proposed generations of 



MSOCC (Mitchellf 1981). The proposed configuration for NASA-<ioddar<rs MSOCC 
system Is on exciting use of technology and will drastically reduce the amount of direct 
manual intervention in the DOC (Data Operations Control) and computer operations 
areas. The staffing plan, however, calls for maintaining or possibly increasing the 
current staff. It is unclear, however, what the eight to ten people per shift will do 
because the majority of their current functions will be automated. Currently, computer 
operators transport, mount, and dismount mission-specific software resident on disks and 
tapes. Under the proposed automation plan, this activity will be fully automated. The 
responsibilities of the DOC operator are also unclear. Figure 7-11 depicts a scenario 
which was given In an MSOCC-1 Operations Requirements Study (TM-31-6098). The 
scenario represents the anticipated human-computer dialogue during the preparation foe 
a satellite contact. Examination of the scenario reveals that the only active human input 
is to type the word "GO” as the second to last step in the sequence. An alternative 
version of this scenario eliminates even this step, assigning the operator to a completely 
passive, monitoring role. 

Analysis of this scenario from a human factors perspective raises a number of 
questions about the reasonableness of the role assigr^ed to the human. Currently, MSOCC 
personnel feel, and in actuality are, underutilized. Because of the nature of their 
responsibilities, personnel are skilled and highly trained, yet they spend most of their 
time engaged in relatively insignificant tasks. With the introduction of additional 
automation, MSOCC personnel are likely to have their tasks further reduced and, under 
the current plan, not augmented by any additional tasks. 

The NASA-Ames Workshop, the Langley autopilot automation research, and the 

MSOCC scenario jointly suggest n set of principles to guide the design of automated 
systems. 
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o Even thou^ it is possible to fully automate a function, it 
may not be desirable to do so either from an overall 
systems point of viev/ <a* from a human factors 
perspective. 

o A primary goal in system design and specification is to 
ensure that the human component of the system has a 
reasonable and responsible role. 

o Assign tasks to the human and computer components in 
such a way that optimal use is made of the resources of 
each. 

The question tlien arises: What should the human do in an automated system? How 
should tasks be allocated to make optimal use of both the system’s human and computer 
resources? The answer is neither perfunctory nor simple. Essentially, the role of the 
human component must be redefined to include a cross*section of meaningful tasks which 
enable the humans to function os responsible and important components of the system. 
This redefinition may require the rethinking of the overall system design, reallocation of 
tasks, and the expansion of the human’s responsibUities. In MSOCC, for example, some 
I thought might be given to expanding the controller’s responsibility to include software 
development/maintenance as well as supervisory and occasional manual control 
activities. Augmenting the role definition in this way is a fairly novel approach but may 
be a satisfactory solution to the problem of assigning skilled personnel to important but 
tedious supervisory tasks. 

Task allocation requires evaluation of the strengths and weaknesses of both human 
and system components (Crawfwd et aL, 1977). Current hardware and software 
technology will supply the answers f»>r the computer components. Information about the 
human is not so easily found. Current theori^ of human performance, particularly in the 
area of information processing, must be used to determine what tasks the human 
performs well and what human-computer interfaces or decision aids might facilitate 
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his/her performance. In order to ensure a reasonable role for the human component, 
tasks which are done relatively equally well by both humans and computers may well be 
assigned to the human. It is not unreasonable to assign tasks to the human which can be 
done equally well by the computer In order to ensure that the human is a functioning and 
vital part of the control process — humans get bored and/or complacent, computers do 
not. One Interesting possibility receiving some attention is a dynamic, rather than 
static, task allocation scheme wherein tasks are allocated between the human and 
computer by determining who has the most available resources at the time that the need 
for the task arises (Rouse, 1981). 

Whether a static or dynamic allocation is used, however, It is essential that one 
step of the design process detail operations scenarios for human operators specifiying 
what they are to do, when they are to do it, what fraction of their time Is likely to be 
idle, and where they are under utilized. It is only by taking an explicitly operator- 
centered perspective that system design will ensure that the system has been adequately 
human-engineered as well as hardware-engineered. 

Interface for the Human-Computer Dialogue 

In addition to defining a reasonable role for the human component, the design 
process in automated systems must address the problem of providing interfaces between 
the human and computer which facilitate the human's ability to interact with the system 
in a rapid and effective manner, v/ith as little effort as possible. 

Information display is the primary interface which can help or hinder the human- 
computer dialogue In a control environment. One of the human’s primary tasks, in an 
automated system, is monitoring displayed information. The human's information 
processing skills, however, are very limited. The human's short term memory can hold 
only a limited amount of information, and he/she is easily overloaded by too much 


information, relevant or irrelevant (Miller, 1956). The human is very slow at scanning 
displayed information, end the amount of information which can be gathered is limited by 
the short term memory capacity. Furthermore, humans have limited capability and 
speed in integrating pieces of displayed information (Rouse, 1975). 

ITaditional information displays tended to further burden human information 
processing limitations rather than to compensate for them. The reason was not 
intentional, but rather due to the limitations of the current technology. In traditional, 
hardwired dedicated displays, there was little choice about information display design. 
Each hardware device, data channel, or sensor generated a data item which was 
individually displayed to the operator (e.g., the battery, the voltage regulator). Control 
room designers could choose how to display the data (dials, bar graphs, needles, etc.) and 
could arrange the position of displays on control panels but had no opportunity to display 
data selectively, to group or aggregate it into higher level summaries. In essence, the 
displays, due to limitations of technology, were directly tied to the lowest level hardware 
subsystems. Traditional displays placed a tremendous burcen on the human operator. 
The human was responsible for monitoring sometimes vast amounts of displayed data, 
selecting out relevent items, and combining and integrating the low level data into 
meaningful forms compatible with high level decision making needs. These displays 
further degraded information processing capabilities related to display scanning, 
information selection, and integration of information. 

The advent of computer-based displays eliminated the need for this type of display 
but not necessarily the practice. Computer-based displays allow data to be filtered, 
summarized or aggregated, and displayed in forms only limited by the imagination of the 
designer. Unfortunately, perhaps because it is easier, many computer-based displays 
simply use the CRT as a new medium on whidi to display ”the same old data in the same 


old mode.” As early as 1975, Braid vrarned, "there Is on alarminjf tendency...to propose 
replacement of the dedicated conventional instruments by a few dedicated electronic 
displays ... Such prop<»als ignore the flexibility that electronie displays offer." 

This is a problem with MSOCC in which multiple display pages are used to display 
great amounts of low level, hardware specific data (see, for example. Figure 7-12). The 
controller must monitor these displays, abstract out relevant data, and integrate them 
into forms necessary for high level decision making. The current displays are very 
detailed and completely lack any decision aiding features. 

Automated systems will further aggravate the problems in displaying low level, 
hardware-oriented data. In the role as system supervisor and monitor, the human 
requires a high level, system overview and must have the ability to quickly detect and 
diagnose system anomali^ or failures. Vast arrays of low level displayed data will 
require continuous scanning of displayed data, most of which is not relevant to his/her 
needs at any given moment, selection of the pertinent items, and integration of these 
items Into a form which meets supervisory decision making needs. This process of 
scanning, selecting, integrating, and problem solving is slow and taxes known limitations 
of human information processing skiUs. In automated systems, complexity is generally 
increased and, thus, a corresponding increase may be expected in the amount of displayed 
Information. The level of much decision making is raised: The computer is responsible 
for low level decisions and control functions; the human is responsible for high level 
decisions and control functions. Thus, it may be expected that even more integration of 
low level data may be expected in order to synthesize information useful to high level 
decision making needs. 

In addition, automated systems typically require the human to interact with the 
system in two capacities: as a supervisor when the system is behaving normally and as a 
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manual controller in emergency or degraded conditions. One problem created by the dual 
role of the human in automated systems is that the human now has two different and 
perhaps quite disparate functions, potentially requiring two different set of skills and two 
different views of the system. In automatic mode, the human needs a high level, 
integrated overview of the system, whereas, in manual mode, the human needs to have an 
understanding of the system which Is detailed, thorough, and "nitty-gritty**. 

One of the difficulties of the multiple functions of the human in complex systems is 
that the varying sets of responsibilities suggest that the operatex* needs to build up 
multiple internal models of the system in order to integrate his knowledge of the system 
and to guide his control actions. A skilled operator in a highly automated system must 
build up a hierarchy of internal models which encompass a set of system views varying 
from a very general and broad system overview to a variety of very specific and detailed 
models of particular sybsystems. Experimental and theoretical research suggests that 
human understanding of a complex system is guided by an internal or "mental" model of 
the system built up by the operator over time. Internal models guide the selection and 
integration of displayed information. The adequacy of the internal model will govern the 
timeliness and appropriateness of an operator's responses. Research has shown that 
exploiting the internal model can improve operator efficiency (Rouse, 1975). One way to 
facilitate the development of appropriate internal models is through information displays 
which assist in organizing information and presenting it in modes which facilitate 
assimilation and integration, thereby reducing the cognitive load on the human 
operator. 

A primary human-computer dialogue issue for MSOCC and other automated systems 
is really one of design: How do you use the flexibility to present information in forms 
which are compatible with the user's mental model of the system and current role? In 


highly automated systems, assuming that the operator has at least two sets of internal 
models, one which allows him/her to function as a monitor and system supervisor and a 
second which allows him/ her to function as a manual controller, a reasonable suggestion 
is that perhaps, at the very least, the control room of an automated system ought to have 
two sets of displays which the operator can choose between: one set giving a high level 
system overview, the other providing detailed views of indi\1dual subsystems. When 
acting in a supervisory capacity, the high level, overview displays would be used. If more 
detail is desired, if some problems are suspected, lower level, detaUed displays may be 
accessed. Moreover, there is a need for information displays which explicitly support the 
decision making and problem solving role of the human as system supervisor. Computer- 
based displays have provided designers with the required hardware. It is a design problem 
to exploit computer hardware in a manner which supports and facilitates the human- 
computer dialogue. 

Summary and Conclusions 

Using the human as a system supervisor raises a number of design issues concerning 
the allocation of tasks in automated systems and the design of the information displays 
which enhance the human-computer dialt^e. Fundamentally, the design Issues point to 
a need for the addition of a human-centered perspective in the design process. The 
human role must be as carefully and as thoughtfully engineered as the hardware, even if 
this meaiB a modification or reduction in the overall level of automation. 

Moreover, the technologjy of automation must be used to facilitate the human- 
computer interface. Information displays are needed which explicitly support the 
humen's decision making tasks in the system. One possibUity is a hierarchic set of 
Information displays which change depending on the human's current role (supervisor or 


controller). 


A hierarchical approach to information display has several advantages. It eicplicitly 
forces system designers to develop a set of human-oriented system models v«liich will 
guide the design of displays. If they are designed around the operator’s decision making 
needs, the displays are likely to become more human-oriented and less hardware- 
oriented. If an attempt Is made to provide the appropriate information at the 
appropriate time, there is likely to bo less information displayed at any given time, and 
the quality of the displayed information will require less operator effort to integrate into 
an assimilatable form. A very pressing problem with contemporary control rooms is that 
there is just too much information for an operator to be able to ossimilate it quickly, 
easily, and accurately. Humans are easily overloaded, particularly by the displays of 
great amounts of irrelevant information (Ackoff, 1967; Seminara et aL, 1979). Moreover, 
human ability to integrate multiple pieces of displayed data into meaningful information 
is very limited (Rouse, 1975). As a result, a reasonable and perhaps vitally necessary 
direction for research in the area of automated control room design is to develop displays 
which provide active decision aiding for the modern controller, displays which provide 
information compatible with the operators' current internal model, which filter out 
irrelevant information, and which summarize and condense lower level information into a 
form suitable for the operator's high level information needs. 
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ISSUES IN MULTIPERSON CONTROL TEAMS AND MULTIPERSON SUPERVISORY 
TEAMS 


The customary approach to human factors engineering considers the relationshi{^ 
between a single person and a machine. In highly automated environments, it is 
increasingly the expectation that many people will be involved in the control and 
guidance of complex systems. Little has entered the literature to guide us in the design 
of multiperson control and/or supervisory interfaces. 

The working together of people in groups has been extensively considered from the 
perspectives of management, human relations, and decision making. A number of studies 
and experiments provide a body of knowledge on team (^ganization, leadeiship roles, 
intra- and intergroup communication structures, and other aspects of people working in 
smaU groups. The major thrust behind these studies has been the improvement of group 
productivity, whether on the production line or in managerial policy settii^. 

Unfortunately, just as the traditional human factors approach has not been used to 
scrutinize, from an engineering or design standpoint, the productivity of interacting 
groups via their technical systems, the study of wcx’kteams and small groups has not 
expressly included the technical systems with which these groups carry out their work. 
As a result, the issue of multiperson control teams has been largely ignored. Those who 
have looked at the control and supervision of technical systems have concentrated on 
individuals, while those who have looked at multiperson processes have concentrated on 
the human dynamics of these processes. 

The object of this section will be to present an organized approach to the issue of 
multiperson control and/or supervisory teams. Because it is a region of humeui factors 
which is relatively unexplored, the first concern will be with offering some conceptual 


categories with which the proble.u may be handled. A set of helpful working terms is the 
first requirement. 

First, we need to reiterate the distinction between "control" and "supervision." 
Control refers to the human participant’s role as being one v/liich completes the control 
loops of the system. Supervision refers to the human participant's role as being one 
which is separated from the physical control of the system, allocating to the individual 
the tasks of monitoring the behavior of a system and of providing information and 
guidance to the system as it performs its task. Typically, the supervisory role is carried 
out through the mediation of computers. 

These roles arc not exclusive. An Individual may both control and supervise a 
system. An automobile driver or a pilot, for example, may complete the control 
structure of the vehicle and provide higher level guidance, such as mission definition, 
strategy, and tactics. The supervisor of a computer-controlled system may be required 
to intervene with manual control under certain circumstances. In systems designed to 
maintEun a constant operator work load, the computer may handle tactical decisions 
during periods requ’ nng extensive strategic decision making, while the human may handle 
these tactical decisions during periods of low strategic activity. 

Typically, the literature treats the single operator in relation to the system under 
eontroL While there are many exceptions to this, these exceptions tend to be in the 
areas of commend and control. In these st'jdies, there is little distinction between 
multiperson control of a single system and multiple single control of coordinated 
subsystems. 

To sOTt out these relations, the following terminology and categorization is 


suggested: 



I 


o Disffete Functions — tasks nhose successful completion 

depends only minimally if at all upon the successful operation 
of other processes. 

o Coordinated Functions — tasks whose successful eompletian 
depends upon the successful operation of othe? proc^es. 

Coordinated functions exchange information on their states. 

There is typically- some sort of precedence relation among a 
set of coordinated functions. 

o Systemic Functions — tasks whose simcessful completion 

depends simultaneously upon the successful operation of all on- 
going processes. 

Discrete functions differ from coordinated functions in that they possess no 
precedence relations and hence require little or any information exchange. The work of 
a race crew on a race ear during a pit stop illustrates crudely the notion of discrete 
functions. Several different tasks must be completed while the car is in the pit. The 
fuel tank is topped off; the tires are changed; oil is added; water is eddc(^ the driver is 
given something to drink; the windshield is cleaned. These "subsystem maintenance 
operations" may all be imdertrken with essentially no communication among the verit is 
tasks. They begin with the arrival of the car; the car departs when all tasks are 
competed. The initiation of all tasks is under one central precedence rule; the arrival 
of the race ear in the pit. Once the ear is in the pit, these tasks are carried out 
independently in any convenient temporal order. If diffs’ent time constraints were 
applied, a single operator could randomly end sequentially complete all tasks. Under 
compressed time constraints, such as a race condition, a multiperson team may be used, 
one individual to each task, so that the set of tasks can be carried out simultaneously. 

On the other hand, a common way to describe the set of tasks required by 
coc^dinated functiora is by using network flowcharts. For example, PERT charts 
describe coordinated functions. The interactions among air traffic controllers may also 
be described os coordinated functions. Each controller is responsible for a given air 
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spAce. As aircraft move from one region Into another, the air control tasks are 
coordinated by the exchange of Information concerning the aircraft from one controllo' 
to the next. 

Systemic functions aro superordinate to coordinated and discrete functions. The 
systemic task of driving coordinates the coordinated functions of accelerating and 
braking and such discrete functions as tuning the radio. 

Multipcrson control and/or supervisory teams may be dessifled according to the 
types of tasks the Individuals in the team are working on. The work team is a 
multiperson team whose members each deal with a discrete function. The tactical team 
Is a multiperson team whose members are responsible for coordinated tasks. The 
strategic team is a multipcrson team whose members are responsible for systemic 
tasks. Organizational diagrams for these types of teams are given in Figure 7-13. 

For the work team, the team members are linked together through a hierarchically 
superior eontroUer/s^)er visor. Lines of communication are not required among the 

members of the work team. It is sufficient that overall coordination of task initiation be 
Imposed by the higher level contro!lQ*/supervisOT. 

For the tactical team, the members require lines of communication among 
themselves as well as lines of communication to and through a hicrardiically superior 
controSer/supervisor. For the strategic team, communications occur among the team 
members without the mediation of a hierarchically superior controller/supervisor. 

If the symbolism for the individual members in these groups is interpretted os nodes 
on a graph, each node can in turn be recursively defined as o work team, a tactical team, 
or a strategic team. Various graphs can then be built up which can be roughly classified 
into three classes. 

Hierarchic organizations in pure form begin with the work team and build 
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recursively a hierarchic tree. Hetererchle organizations In pure form begin vrtth the 
tactical team and build recursively a netv;crk. Ancrehic oriranizatlons In pure form begin 
with the strategic team and build recursively a network characterized by strictly lateral 
communications. 

This classification is not intended to describe any particular real world 
organizations. Many different organizations may be constructed through the analytic use 
of these structures, recursively defining any dependent node. Thus, a typical assembly 
line organization might begin with a strategic team, define eai'h of the nodes of the 
strategic teams os a tactical team, and then define each of tlvi nodes of the tactical 
teams as work teams. 

The communication lines depicted in the team structure diagrams signify formal 
communications. Formal communications are task specific communications authorized 
and sanctioned by the organization. Another way of conceiving formal communications 
is that formal communications are those which are exf«*es3ly designed into the system. 
Informal communications consist of all other communications, whether task related or 
not. Many obeervets will claim that, in fact, it is these infc^mal communications upon 
which the actual work and production of an organization depend. These workers will 
suggest that informal communications are used to plan and to execute the work of an 
organization while formal communications are used to document the conclusions of 
informal communications. 

Multiperson control and/or supervisory teams are almost invariably linked both 
internally and ext^nally by Informal communications. These informal links exist 
regardless of the structure of formal communications. The importance of these 
communications pattern lies in tying the study of technical systems which integrate 
human controllors and/or supervisors to the overall organization(s) responsible fw the 
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operations of ti'^e systems. As noted a&rliGTt tho oKamin&tion of multipt^on teams of 
eontroUen and/or supervisors has been lost in a peculiar limbo. The study of group 
processes from on organizational perspective and the development of social technologies 
for the construction and operation of human groups has focused on the formal and 
Informal communications among human team members. The study of technical systems 
Integrating humans has focused on the formal communications between individuals and 
their machines. 

At the boundary of these two approaches^ between organizational development (OD) 
technologies and human factors engineering technologies, we find human groups 
interacting to control and/or supervisu a technical system. From a human factors 
perspective, this issue introduces a new problem: how are the members of a controlling 
and/or supervising team themselves to be controlled and/or supervised? How can the 
integration, coordination, and synchronization of these team members working 
simultaneously (or at least concurrently) on a task(s) bo designed Into the technical 
system? 

At this point, the discussion will be limited to the types of systems typically 
deployed for real time satellite control at NASA Goddard and under consideration for 
future Goddard missions. For the purposes of the remainder of this discussion, the tasks 
of real time satellite control will be assumed to bo highly automated with a reliance upon 
computational devices to mediate between the human elements and the technical 
elements to be controlled within the system. Using the previously defined terminology, 
this places the human into the role of a system supervisor. Goddard supervisors work 
now and will Increasingly work as team members, making the i^ue of multiperson 
supervisory teams an increasingly critical one for the success of the Goddard mission. 
The structuring of operational resonsiblllties at NASA Goddard entails a heterarchlc 
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approach, which verges on anarchic, to interteam communications. 

Within teams, ranging from software development to scientific users, from 
contractor groups to DOC controUo^, a variety of teem stnutiffes con bo observed to 
have evolved from the interplay of the tesk at hand, the technology avaOaSsle to perform 
the task, end the skills and training required of the human supervisor within the 
constraints of Civil Service and contractor personnel procedures* Rather than attend to 
this heterogenous assembly in all its variation, this discussion will consider the 
supervisory team according to a single simplified model. In this model, a team int^aets 
with a given systeir in its entirety through the mediation of compute. An example of 
this model might be the team of supervisors of a highly automated power generation 
plant. 

The ringle multiparson supervisory team alters the classic "humcn/machine" 
relation of human factors engineering to a "human/system" relationship. WhQe there has 
been much learned about the autonomous relation between a human and a machine, the 
multiperson supervisor introduces the problems of relations between individuals whQe 
they are relating to their technical system. 

The members of a team are not necessarily co-located either in space or in time. 
This means that the problems of integration, coordination, and synchronization among 
team members involve questions of shift work, ergonomic adjustment of machines, 
personnel interopcvabllity, and the design of communications channels. These problems 
bring to the fore questions of status and leadership within a teem, suboptimization, 
workspace layout, and team training. Questions regarding the managerial, 
administrative, and social design of the team need to be addressed. 

These guidelines are concerned with the hardware and software design of the 
Interface between the automated system and its supervisors. Many of the issues raised 
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by multiperson supervisory teams, whUe quite important and so raised here, ere beyond 
the scope of this report. However, communications is an element of many of these 
problems and can be addressed from the standpoint of design of control rooms. 
Communicatiora can be categorized in two dimensions; between the system and the 
team and among the members of the team. 

Communications Between System and Team. 

In a hi^y automated control room, communications between the system and the 
human team is largely via displays from the system to the team and largely through 
various control instruments from the team to the system. Principal among the control 
Instruments used in highly automated environmajts are keypads and other interaction 
devices attached to communications and KCRT terminals. 

Displays. Typically, control room displays are designed for a single proximate 
viewer. This may be inappropriate for multipcreon environments fcT a numb® of 
reasons: 

o rcijulrcments for severed team ik*embers to process the same 
information at the same time; 

o re<juircments for team members to cover the absence of any 
single team member; 

o disruption of <mic channel of communication while the team 
member physically moves to another location to view another 
display. 

The general principle here is that supervision of any part of a system should be 
possible from any station within a control room. Once located, any Individual within a 
control room should be able to obtain all required information and to exercise all 
required control without moving from that station. 

This principle suggests the following: 

o standardized and modular work stations 
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o ths use of iGTge screen displays 

o team training for personnel interopotibility 

o higlily intelligent intervention of computer sui^crt in selection 
of the set of necessary and suffleient data to be displayed ond 
the inclusion of real time look-ahead softtrare capabilities 

o a tiered or theatre architecture for tho control room 

o adaptive allocation of teaks between the compute and the 
team 

o soE^istieated design end control of embi^t illuminatimi 

o ergonomic adjustment of seating, work surfaces, and working 
tools, such as local CRT or graphic displays 

o the use of high resolution local or pet^nal displays supported 
by "messy-desk" software such as crticuloted by ths I-opace 
concept (Rieger, Wood, & Allen, 1981) 

Control IiBtrumcnts, In keeping with the principle stated above, control 
instruments in the team ^vironment should bn standardized and modular, end be capable 
of ergonomic adjustment. Tho relation between display and control suggests furtlier 
geometry-related considerations. 

o Control Instrum^ts should be low profile to avoid interferenco 
with the field of view. Similarly, in the suggested tiered 
environment, the control instruments should be relatively 
shaUow. 

o The working environment should be pulled around the individual 
rather than raised and/or extended in front of him. 

0 The use of horizontally mounted rather than vertieaUy 
mounted displays in the primary work orea should be 
encouraged. High resolution displays can compensate for 
perspective distortion by incr<'''sing the size of images the 
farther they are from the eye of the individuaL 

o Interaction devices which do not depend on the actual location 
of the display device should be used. This rules out touch 
panels and light pens, but rules in keypads and mice. 
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Figure 7-14 iUuBtrates this <kslgn geometry. The narro« 7 iMss and low profUe of the 
worlspeee dlrecUy In front of the cperator provides a deeper field of view and thui both 
doser location to the primary large display and a denser packing of statioia. The side 
module of each station are kept well below shoulder height to anow an uninterrupted 
lateral field of view for communications with other team members. This geometry is 
radically different from the workstation geometry indicated by the dashed line in Figure 
7-14, normally proposed for sin^de controUers. The difference is <frlven by the use of 
central large ecreei disidays which are visible to eU team members. Figure 7-15 
Illustrates the wrai>-around geometry of the multiperson team workstation with the 
Individual In a standard reach diagram position. (A flat writing surface is provided on the 
right hand side of this right-hand^ IndividuaL) 

Comrounleatlo na Between end Among Team Membera 

Attention was given In the above sketch of an indlviduel workstation to geometries 
cnabUi^ persoti-to-person communications among teem members. Important dalgn 
requirements for an environment In which group processes are facilitated is unimpsdod 
visual and phyaleal access among team members. An ideal dasign would plaeo the team 

members in a eirclo, facing inward so that all team members wiU be simidtaneously 
visible. 

It is <fiffieult to conceive of any sin^e al^ianumerle disiday whlrit could service all 
team members arranged In such a circle. Further, as the team becomes large*, the 
diameter of the circle becomes large enough to overwhelm the psychological perception 
of a natural prorimity for communications. 

However, the geometry of the circle for smaller teams allows the placement of 
<fiepls(ys both within a central pit and around the control room circumference, above the 
hea<b of the team members. This of course requires mulUpIe copies of the same 
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Infonnation display and introduces problems with fidd of view fer cay given 
member^ both for the pit display and for the circumference display. 

At present) thus, it is not dear how such a cirde eTangemcnt can be effectively 
and effldcntly used. In the future, the central pit may make an ideal stago for real time 
holc^ai^ic display of an operating system, but that technology is not yet fully available. 

In contemporary contrd rooms, face-to-face speech and various forms of 
telephonic communicatlcms are relied upon to pass f(wmd and infOTmal information 
among team members. While this has proven useful, these oral cornmunieations sufftf 
from several disadvantages, which include: 

o suseeptabiUty to interference and other noise, both internal 
and ertmud to the communications ehanneh 

o requirement that both sender and receive:^) be available for 
communication at the same time; 

o lack of integral means to save the communication fer lat» 
recall; 

o statis defsence in decision making. 

To date, the application of computers in Iiighly automated environments has been 
limited to formal communications between humans end machines. Little attentiem has 
be«i given to the application of co::.puteis to supporting and managing the formal and 
informal commimications amcsig the members of a supervisory team. As communications 
among team members and from the team to the external world undergird the integration, 
coordination, and synchronizatim of team members in their tasks, and since 
computerized systems can provide effective communications channels, it a(^ears 
reasonable to si^[gest that the design of control rooms include facilities end support for 
computer-bfised intrateam communications from one station to another. 

HUtz and Turoff (1978) have cxplo'ed the technical design and social impact of 
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ooinputerissd conf&eneing'. Thslr work suE^gests such computer-baofK. 

communications have tmique advantages that may bo very useful in the control room 
environment. Among tha voriots advantages of computo’-based communications are tha 
removal of the problems associated v^th oral communicatioi^ 

Communications for Teams Separated Spatially and Temporally 
The argument for the Integi’atioR of computer-based message and conferencing 
systems in control room design becomes quite persuasive when communication among 
team members nho are se^^ated in space or in time (e.g., shift workers) is reqrjircd. It 
ISy of course, only a small step to recognize th( potential of computerized messaging and 
conferencing among different teams within I^fterarchic or anarchic organizations. 
Summery 

The i^as Resented in this section are speculative end tentative at best. They ere 
presented here not as firm <Scta but rath(? to sugv.,est that desig^ns and procedures for 
multiperson supervisory teams may in fact ba radically different from those of 
traditional single-person workstations. There is little firm guidance available yet in the 
literature and even less that can be currently considered applicable to strategic teams 
carrying out sj^tematic (and coordinated) functions in an heterarchic mrgajiization such 
as NASA/Goddard. A great deal of research is needed in this area to confirm or 
challenge the propositions presented here. 
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MANAGEMENT PHILOSOPHY 

Ths emi^tasis of the material pr^ented in these guidelines has been on the human- 
maeMne interface es a whole. A human factors apjKoaeh views this interface from the 
humen*8 perspective, attempting an optimal integration of Wa/her cupabilitieB and the 
machined capabilities. It is suggested that this aj^iroa^ be taken a step futher, to 
focus clearly on the soeial-psyehologieal environmoit (Chapter 3) and the human 
interaction that takes piece within It when srutlyzing, evaluating, or designing work 
organizations. By doing this the human component of the work environment takes on 
increfised value aiul becomes an e^set cr resource to be utilized acoerdingiy. 
Management use of the human-as-a-r^ource a[^>roaeh results in teth quantitative and 
qualitative benefits to the organization. Job satisfaction, morale, absentee and turnover* 
rates, performenee (e.g., error rates), and productivity can ell be affected 
coratructively. 

If the humen-ew-O'^esouree is the accepted, undsrl 3 dng premise, tlKit the designer 
or leader of any work group needs to eondder carefully the choice of possiele 
management style. Many different philoso{dila for managing people exist, each 
profoundly influencing wwker communication, goal setting, conflict resolution, 
metivatian and decision making which in turn affects overall organization parf^mance. 
Management exists as such to bear this heavy r espo nri bility and as Costley and Todd 
(1978) suggest, one of management's primary functions Is to create conditions that will 
maximize the productivity of the employee and. In doing so, enhance the organization. 

The hu;nan-es*ft>resouree approach to effective management has been used 
successfully in various types of organizations. Before illustrating this abroach to 
management in a satellite command and control environment, a Mcf examination of 
different management styles is necessary. 
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Management theory and the ensuing applied research has centered on a 
categorization of types: leader or menagsr traits, leader t>ehaviors, and organizational 
situations. The notion that managers possess certain persmallty traits that moke them 
managers has not been strongly supported (Hampton, Summer & Webber, 19?8). Thus, the 
approach of looking for certain personality traits in an individual to determine whether 
or not he/she is a leader has largely been abandoned. 

Categorizing manager behaviors has proved more fruitful in terms of Identifying 
management styles and in determining what ono is most effective. The Ohio State 
studies, as described by Hampton ot eL, 1978, <tefiz»d two kinds of manager behavlon 
initiation of structure and consideration. The manager classified as the initiating 
structire type places on emphasis an getting the work out. He/she plans, directs, and 
cent’ nl3 the work within the organization he/sha manages. In contrast, the 
consideration-style manager is concerned with tho humon needs of subordinates and helps 
them to satisfy those needs. The e:q>erimental r^ults of this model show initiating 
structure behavior resulting in productivity with consideration behavior resulting in more 
satisfled subordinates. It ai^ors that the technological stabOIty of the organizational 
environment interacts with the manager behavior to produce these results, making the 
distinction not quite so dear* 

Another dichotomous theory of manager or leader behavimr is McGregor's Theory X 
and Theory Y (In Costley & Todd, 1978; French & Boll, 1978; Hampton, et aL; and Huse, 
1980). McGregor suggests ttet managers hold assumptions about the nature of human 
behavior regarding work. Theory X Individuals do not Uke to work, lack ambition, avoid 
responsibility, and must be forced to do good work. Theory Y people seek out 
rteponsIbiUty, like to work, find work a source of satisfaction, and are capable of making 
positive eontributiois to the organization. Managers who believe workers are Theory X 
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typas are themselves euthoritsrien and retain tight control over the work and the 
emidoyoeSf believing this is the only way to motlv&to that type of person. 
Communlcatien In this kind of work group tends to flow In a downward direction only. 

The manager who views employees as Theory Y types Is considered egalitorlon and \ 

encourages employee initiative, self-fulfillment, and participation In decision making and 
task accomplishment. The flow of communication here is both upwards and downwards, | 

and side to side. Some experimental results si^gest the Theory Y view of employee work 
behavior leads to success but, again, situatlcnel ospeets of the organization end 
individual eharact«‘lstia interact to influence the results. 

Rensls Likert developed a management system theory based on a continuum of 
management style, as cited by French and Ball (1978). He characterized • four 
management styles ranging from task-centered to omployee-centerod. They ares 1) 
exploitive-authoritative, 2) benevolent-authoritative, 3) consultive, end 4) participative 
group. His experimental results consistently show that the most effective organizations 
are characterized by the fourth type of management— participative group. 

Blake and Mouton also place management style or behavior into a dichotomous 
framework (cited in French & Bell, 1978). They have identified a "concern for people” 

style and a "concern for produeticn" style. However, their experimental results indicate | 

1 

that the most effective manager is one who places great em(dutsis on both styles. 

The third aspect considered by management theory is the organizaticmel situation. 

Theorists end researchers with this focus point to contingencies; the most effective 
management style in terms of production and employee satisfaction is contingent upon 
both management style end organizational environment. In discussing their contingency 
theory, Lawrence and Lorseh a-. <rxest that the "fit" between organizational structure and 
environment is essential for 'eotive organizations. The degree of fit is determined by 
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management aettona called differantiatien and integratl<Ki. Lawrence and Lorsh atate 
that stable, homogeneous mvironments need less differentiation and integratiixi while 
diverse, uncertain environments need more differentiation end integration (cited in 
Frendi & Bell, 1976). Fiedler's contingency theory identifies two management styles 
rdetionshi{^motivated and taslr*motivated und three types of situations that can be 
either favorable or unfavorabls leader-member relations, task structure, end leader 
position power. The experimsitol results on this model si^®oot that taste-motivated 
leaders perform best when the situatiem Is very favorable or very unfavorable for the 
manager to exert inflt»nee; relationshiir>motivated managers tend to perform better 
when the situation is either moderately favorable or moderately unfav^ble (cited in 
Hampton et aL, 1978). 

Other management theories exist, e.g., path-goal theory, expectancy theory, and 
leadership pattern choice models, end many arc quite complex. What is Important to 
f consi<ter is that the potential for more effective manogment is tmlimited (Cootley & 
Todd, 1973), implying the need for careful prior thought about the wganisation or work 
group being farmed, its task goals and objectives, its ataff (^ze and make-up) and its 
mangement philooophy. The command end control environments of the diffarent projects 
currently in place and being planned for the future at Goddard could >nly benefit from a 
thorough analysis and evaluation of these factors. 

Case Study 

The literature generally points to the human-os-a-resouree approach f«r effective 
management in terms of productivity and employee satisfaction with the underlying 
assumption that employee satisfaction Is positively linked to productivity. A useful and 
relevant illustration of this approach to maitagement was seen at the University of 
Colorado's Laboratory of Atmoopherie and Space Physics (LASP) within the Solar 
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Mosof^iere Explorer (SME) missiau Severcl Qoddsrd end contractor pcrsoftncl vidted 
LASP recently end listened es the staff outlined the management approach to the SME 
project. 

Upper level menogement set out to accomplish several things with tho project 
besides guaranteeing the health and safety of the spacecraft and collecting data. They 
wanted everyone on the staff to have a thorough understanding of what was going on 
from all points of view. By ^ing this, they sought to achieve common goals. In 
achieving common goals, they eliminated adversary positions. The directw felt these 
were the key assumptions within hb phllosot^y: to aehiove common goals and to 

eliminate adversary positions, thus lesding to productive, satisfied employees and 
smooth, effective operations. 

Several actions were taken to achieve these objectives. The user was visibly 
considsrod at all levels. The misdon bperatlons manager eommmiicated closely with the 
scientists to better serve their needs end was also closely tied to the operations people. 
Upper level management also kept in dose contact with the hardware dedgnos 
incorporating ergtmomie aspects into the phydeal eivlronment, e.g., recessed ceiling 
spotlights over workstations to decrease ^are on CRT screens. All deddons were made 
by consensus within the appropriate groups rather than by edicts being passed down from 
upper levd management. The consensus deeidon-matdng process led to a thrashing out 
of common goals, with everyone working toward tte same outcome, thereby channeling 
motivation to the project es a whde as opposed to territorial or political ends. This 
phUosopliy also led to the davelopmeit of a unique shift design for operations. The flight 
controllers and operators partidpated in the dedgn of the twenty-four hour staffing 
plan. A two, twdve hour shift schedule (3:30 a.m. to 3:30 p.m.) was adopted. This was 
based on a staff consensus which oonduded that th^o are morning and evening types of 


people end that shift hours should <K)incids with those personal peeferences. Onee a 
eontroUar ehocsss a shift* hs/she remains on that shift* oUovrin^ fw the os'ablishment of 
to establish daily routines* including the importent biological process of re->cntroinment 
(Clapter 3). The shift design also med® both shifts equally atttaetlve, Ue., neither 
operated during entirely popular or unpopular hours. 

Another key assumption of the SMB management wa» the importance of accurate 
assessment of* and feedback on* individual work performance. A computerized 
poformance assessment tool was used to provide clear direction end feedback to the 
worker. Eatii inditdduaFs tasks were broken down into easily handled components* with 
the break down determined by consensus* and monthly printouts tracking progress 
towards each goal were provided. This* employees had concrete evidence of their past 
effort and present status. Most workers dbpla 3 md their progress reports for all to see 
turning tho esereisa Into a game-liko activity* Mcmagement indicated that quantifying 
performance effectively motivated workera and su^^rtod morale and satisfaction. 

The meni^ment phOcsoE^y at tho SME project indited a positive perspective 
towarA accomplishment. The focus was strictly on what could possibly be done at ail 
levels* tnduding the human ones* given tlm resources* rather than on limitations. TIk»o 
appeared to be a great deal of flexibility In dealing with potential problems and 
compromise sitmtions. The result was that successful* efficient operations were 
maintained and that motivatlcm and morale were high. 

The SME project can be considered a small jffojeet by Goddard standards vnth the 
project director and mission operations manager eompri^g upper level rom^agemont. 
The size was advantageous to the management approach and allowed many tilings to 
happen that might be difficult In liargar projects. However, the success of the project on 
several different levels and its application to Goddard [u^Jeets should not be disregarded 
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baeeuse of tha "smdlnaes" of the operation. 

Tho SKE projoat was successful from eeverel psrspeettves* It wes oom^eted ohaad 
cf selMduIo and und« budget, had a successful launch, and has continusd to have 
aucoessful operations. Unique to tha project is the fact that one-third (equivalent) of the 
operotors in the control room are undergraduate students from the Univerdty of 
Colorado at Boulder who work part-time to support the staff flight controllers, e.g. moat 
worked as flight controUors and software programmers. Also unique to tha project was 
tho combination of roles for the flight controUers. These interesting aspects of the SMB 
project are beyond the scope of this doeumenti for further information the reader Is 
directed to Moe (1S82). The central point, however, is that the project succeeded in 
implementing human factors in tho design of tho commend and control room to tho 
delight of those working within tl»t environment. Informal conversations with tho 
operations staff yielded enthusiastic responses to what had been done. A video ta>o 
deteilii^ the physical aspects of tho control room is available tlarough Codo 500 and the 
NASA/QSFC Human Factors Group (1982). The successful use of the humen-as-a- 
resouree management philoophy enlarged the application of human factors to the 
project. It should be pointed out that no one the«y of management is best} several 
faetws influonee what approach is best suited to what organization or group. However, 
the choice of a management philosophy should be a consnious decision made after serious 
eonsideration of the group^s goals, tasks, and staff, and the choice should be made early 
In the existence of group. 


References 

CosUey, D.L., A Todd, R. Human Relations in Organizations. St. Paul, MN» West 
PubUshing, 1978. 

French, W.L., & Bell, C.H. OtTCanlzntlon Development (Second Edition). Englewood 
Cliffs, NJj Prentice-Hall, 1978, 



201 


I 


Hampton, D.R^ Summer, C.B., & Webber, R.A. Orfraniga yl onal Behavicr end the 
Praetlea of Management (Third Edition). GlenviOT?, iL: ^cott, Eoresmen and 
Company, 1978. 

Hu30, E J. On^lzation Development (Second Edition). St. PauL MNi W^t PubllaWiw. 
1980. 

Moe, K.L. Trip Report of the Visit to Solo* Mesophere Explc^er (SME) Operations Goiter 
in Boulder, Colorado. NASA/G3FC memoranda from Cods 502, August, 1982. 

NASA/GSFC Human Factors Group. Tour of the SMB Mission Operations Room— Video 
Tape. August, 1982. 


CHAPTER EIGHT 

TOOLS FOR HUMAN FACTORS DESIGN AND EVALUATION 


INTRODUCTION 

This chapter provides a brief overview and introduction to some of the commonly 
used tools in human factors analysis. A number of these tools are very simple both to 
learn and to use, and often result in very valuable information about the human factors 
Ckspeets of the system design process. Hie techniques discussed here include task 
analysis, link analysis, and operational or onsite observation, and audits. Another 
technique reviewed here is the use of situational mockups ns a formal part of the design 
and evaluation process for workstations, information displays, and system control 
pends. The mockup technique is a required step in the military design process (MIL- 
STD-1472C) and frequently has a very high payoff. In aclMition, this chapter describes a 
range of more sophisticated tools used in human factors design end evaluation, grouped 
under the general rubric of mathematical or engineering models of human-machine 
interaction. Finally, a numb^ of human factors methodologies will be reviewed. 
Recently, methoiolc^cal approaches to design have been receiving a grent deal of 
attrition. Although frequently application-specific, they show a great deal of promise os 
design tools. 

TASK ANALYSIS 

One of the more useful tools employed in human factors design and evaluation is 
task analysis. It is a prerequisite to any type of top-down analysis and provides valuable 
design and job description information. Fundamentally, a task analysis defines what the 
human does in a man/machine interface and what he/she needs to do, resulting in a role 
definition of the human component in a system. 




A task analysis is a structured method for describing vrork behavior in terms of 
tasks (McCormick^ 1979). Tasks are basic units of human activity; several tasks together 
comprise functinis. A task analysis breaks functions dov/n into tasks and analyses the 
informational requirements and control feedback necessary for task accomplishment. 

Tasks have several characteristics, end these help the designer determine what 
behavior is a task, as epposed to a subtask or function. The following are task 
characteristics, as suggested by ANACAPA Sciences, Inc. (1981): 

0 Independent • one task can be performed independently of 
another. The level of activity is meaningful in itself. 

o Observable - an c^erver can determine whether or not a 
task has been performed. 

o Measurable - an observer can assess whether or not a task 
is performed properly. 

o Time-Ratable •* a task has an identifiable beginning and 
end. 

Several fwmats can be used to conduct a task analysis; and t)>e decision to use ono 
format over another depends upon the activities making up the tasks. Figure 8-1 lists the 
available formats end the activities best suited to each. As shown, f(^ complex decision 
or problem-solving activities, decision table or flow charts and outline formats are best; 
fw continuous or sequential activities, outline or time-line formats are b^st; and for 
step-by-step and identifiable activities, column formats are best utilized. An in-depth 
description of each format type can be found in McCormick (1979). 

Task analysis, as a human factors tool for design and evaluation, yields valuable 
information and is currently used as such by agencies as the U.S. Nuclear Regulatory 
Commission (NUREG-0700, 1981; NUREG/CR-22S4, 1981) and the Department of 
Defense (MIL-STD-1472C, 1981). NASA-Godd'^rd's command and control room 
environments v/ould benefit greatly from a task analysis applied in the design phase of 
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now systems. A number of benefits of task analysis which appear relevant to NASA- 
Qoddard are proposed by ANACAPA Sciences, Inc. (1981). Task analysis can: 

o servo as a basis for other analyses 

0 provide design requirements and refleet design impacts 

0 ensure that a task is within human performance 
capabilities 

o ensure human safety 

o minimize error by identifying what could go wrong and 
when 

o serve as a basis for procedural and system support 
development 

As defined, the benefits of a task analysis are wide ranging. The cost of utilizing 
this human factors tool is minimal; therefore, it behooves system designers to apply it 
frequently. 

LINK ANALYSIS 

Another human factors tool used in design is link analysis, a method used to 
determine layout of workspaces, control and display panels, am. "j immunication 
networks. It determines optimal arrangements by calculating appropriate criterion 
measures of the "links" or connections between entities and by analyzing the 
relationships found. 

There is an informal structure for conducting a link analysis. The designer first 
determines what link type best demonstrates the relationships between entities. 
McCormick (1976) defines three link types; visual, auditory or tactile communication; 
control; end eye, hand, foot, or body movement links. Each analysis measures one type 
of link. In a command and control environment, link analysis could be applied to 


command panel design. For example, an operator's hand movements could be the 
appropriate link chosen for measurement. 

The next step is to determine the most appropriate criterion of link measurement 
to use. There are several available, and the choice of one or more is operation- 
dependent. The following are criterion measures suggested by ANACAPA Sciences, Inc. 
(I98l)j 

o Probability 
o '.■'ime 
o Strength 
o Importance 
o Frequency 
o Sequence 
o Distance 

Some criteria are qualitative and require subjective value judgments by the person 
conducting the analysis. That person necessarily needs to be well informed regarding the 
procedures and tasks being performed. In the example scenario where operator hand 
movements are links, frequency could be an appropriate criterion. A movement from one 
entity to another on a command panel would have a frequency measurement of one. 
Design of command panels requiring minimal operator hand movements would justify 
using frequency as a criterion. 

To conduct an effective link analysis, a representation of the activity being 
analyzed is needed. Graphic or schematic diagrams provide this and assist in measuring 
the links. Matrices should be set up to categorize the criterion measures and to provide 
sum totals of the h'nks within the activity. Matrices ran be of two types: directional, 
where element A links to element B in that order only; and nondircctional, where 



direction of link is not important, l.e., A to B or B to A (ANACAPA Sciences, Inc., 
1981). For purposes of the scenario, a nondirectiotial matrix could be used. 


Next, tlio totals within the matrix are ranked according to frequency intervals: 
most, next most, and least frequent. This helps determine the link strength in 
preparation for drawing the link diagram. Figure 8-2 is a nondirectional link diagram. 
The strength of the links is represented by the t^pe of line connecting the entities. When 
drawing the diagram, eliminate crossed lines, put the strongest links closest together, 
and have all linics represented. Several iterations of V.iS drawing may be necessary to 
produce an accurate diagram. 

When directional matrices are used, drawing the link diagram differs slightly. 
After the links are drawn in corresponding strength representations, a principal path 
must be determined. Figure 8-3 shows a simple directional link diagram with the 
principal path corresponding to the alphabetized entities; i.e., move from A through F. 
To determine the path, start at any entity and follow the strongest link coming into that 
point. It is a "backwards" process that always produces the same princrpal path result. 

The last step in a link analysis is applying the link diagram to a layout. In the 
example scenario, the controls and displays use 1 in Oionjv ;ution most frequently, as 
evidenced by the link diagram, are grouped together and in the center of the operator’s 
reach envelope 

As a tool for design, link analysis offers a structured approach to layout. When 
used during the design phase of a system (rather than after the fact), it can be very 
powerful, forcing the designer to think about what actions will occur and to determine 
what ones are most important. Better layouts and arrangements, benefiting both human 
and machine performance, are likely to result. 



8-3 Simple directional link diagram 
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ONSITE OBSERVATION 

0n2 very useful tool for conducting a human factor analysis is onsite observation. 
Particularly f« the modification or the development of n< v/er generations of existing 
systems, ensite observation or (^erational audit of the current system can be a vital 
diagnostic tool in identifying existing or potential human factors problems which can be 
corrected in newer systems. 

Site visits are a require^' ’:-.«dure in licensing nuclear power plants (Bell & Swain, 
1981; NUREG-0801, 1981; Seminara & Parsons, 1979). Tne purpose of such visits is to 
allow the human factors analyst -j became familiar with the operations-relevant 
charaetertistics of the system. The intent is not to make design recommendations or 
criticisms, but rather to identify aspects of the control room, the general layout, and 
administrative control procedures that effect generic human performance. 

A site visit may include the review of scenarios or sequences of events to identify 
human actions that directly **ect the system-critical components. Another aspect of a 
review may be talk-throu;;, • or walk-throughs of control procedures to identify and 
examine critical human factois aspects. This procedure allows the analyst to fully 
understand the activities of the operator in various control functions. Performance 
specifics are identified along with any time requiren. ents, personnel assignments, skill- 
of-the-craft requirements, alerting cues, and recovery factors. Subsequently, a task 
analysis may be performed. 

Onsite observation coa-<isting of passive observation, critical event reviews, talk- 
or-walk-throughs, or task analyses is a powerful tool for human factors design reviews. 
It takes advantage of the wealth of knowledge and experience accumulated by skilled 
operators and allows the analyst to augment his/her "text book" knowledge of the system 
with invaluable, real time experience. As a tool used in the preliminary stages of human 


factors analysis, slt« visitation probably is tho tool with the lowest eost/benefit ratio and 
should be included whenever possible. 

MOOKUPS 

Introduetion 

The following guidelines are an extensive overview of moeioips and models in the 
general design process that can be found in Woodson (1981). A recommendation, 
consistent with good human factors principles, is that Goddard consider the 
establishment of a mockup test facility. The section r;hich follows suggests some 
guidelines for operation and staffing of a GSFC mockup test facility. 

Mockup Test Facility 

Tho application of advanced tcchnologia and diverse operational teams at GSFC to 
problems of real time sateUite control makes imperative the minimization of error 
originating in any system component. In support of the highly visible manned space 
program, NASA has already mandated the use of mockups in the design process. The 
Department of Defense has mandated the incorpoiatlon of human factors engineering in 
large scale systems design. The implementing specification, MIL-H-48855B, explicitly 
calls for the use of mockups in Par.3.2.2.1.1 (1981). The reasons for this are clear: 
system d^igrs must Incorporate their human elements at the earliest possible stages, 
and human factors guidelines must be validated by testing the designs through the use of 
mockups. 

Any physical product can be mocked up or physically modelled. Procedures using 
these physical products can be tested before the design becomes final. The products used 
by GSFC fall basically into two classes: communications products and work station 

products. The communications category includes all devices for conveying data from one 


place to another. These devices Include KCRTs, phone sets, timo displays, graphics 
interactive devices, and the computing hardware and software which su(^-ort them. 
Workstation products include luminaires, desks, scats, and other Items not necessarily 
specifically configured for GSFC missions. In general, GSFC communications products or 
their interfaces (displays, etc.) are embedded in workstation products. 

GSFC operations are typified by the coordinated effort of multiperson teams. 
These types of operations are seldom found in the purely commercial sector but aro 
frequent in defense systems and in high-technology regulated sectors, such as nudear 
power end air traffic controL Moekups are required to ensure that multiperson 
operations communicate and function smoothly within a given designed environment. 

This, of course, does not slight the need for testing and evaluation of one-on-one 
communications, particularly at GSFC, between a controller and the system being 
controlled. In this area, we think primarily about interactive communications with 
computers. The need to mock up environments in which complex team interactions can 

be observed does, however, suggest certain recommendations for a JSFC mockup 
facility. 

The facility should be larg^ enough that complete control rooms can be mocked up 
at a 1:1 scale. The facility should be linked to operational facilities so that test and 
evaluation can be conducted by dual operation in real time. The facility should be 

serviced by computers of sufficient power that realistic data environments can be 
simulated. 

The mockup facility should be treated as an experimental laboratory. In this 
laboratory, at least four distinct sets of personnel will interact: designers, mockup 
specialists, evaluation specialists, and subjects. (For another perspective, see NUREG- 
0700 , 1981 ). 


Deslgnera of hardware and/or software and/or procedures will submit candidate 
desig:n8 to the facility. Mockup specialists ("sot desi(n)ers") will construct the 
appropriate environment. Evaluation specialists will develop a test plan and conduct the 
evaluation OKperiments, including selection of appropriate subjects. It Is crucial that 
designers be divorced from the evaluation process. 

The facility will possess instrumentation tools and equipment, both hardware and 
software. Such tools include anthropometric measuring devices, videotape, software 
monitors, and other sensors. 

Administratively, the facility must be supported by GSFC top management. It 
should operate under a formal management charter ensuring its independence. The use 
of the facility to evaluate both in-house and contractor designs must be mandated. 

The facility » i«.;.ld be a resource to designers as well as a tool to evaluate their 
designs. Conference and video rooms should be part of the faeility. Overhead catwalks 
in the mockup area would be desirable. 

The mockup facility should be chartered to develq> an independent experimental 
and data aequisition program. For example, the facility should be charged to monitor the 
anthropometric user populations of GSFC and any variations in these populations over 
time. 

Designers of products to be evaluated by the facility should provide only the design 
specifications to the facility. It is the role of the evaluation personnel independently to 
define a test and experimentation plan given the functional specifications of the 
product(s). Indeed, the functional specifications should go to the mockup focility at the 
same time as they go to the design team. As is well known but seldom practiced 
evaluation criteria should accompany th : functional specifications. 
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The moekup facility should cooperate with and support design teams and design 
review teams by providing evolutionary mockups throughout the design cycle. This 
means that the moekup facility will be involved from first concept layout through final 
prototype. This includes the potential concretization of the moekup into a training 
simulator. 

Designers should view the facility as a helpmate in the design process. If the 
facility is drawn in only to make a summery judgment on a designer's creationi this 
assistance will be resented and, if possible, rejected, no matter how justified, warranted, 
oe needed any criticism may be. In terms from "egoless" programming approaches to 
software development, the moekup facility should provide a structural environment for 
"structured walkthroughs." The facility should be seen as "validating" rather than as 
"evaluating" candidate designs. This places a substantial educational burden on the 
facility and its staff. 

The evaluation staff should be extremely competent in experimental design and 
statistical evaluation. The concept underlying the (deration of the facility should be one 
of careful and controlled experimentation. This must be so that experimental results 
from the literature can be validated (or rejected) for GSFC populations and applications; 
so that the facility can publish GSFC findings on their own merits in the field to garner 
both internal and external credibility, and so that the facility can attract and retain top 
caliber human factors professionals. 

Moekup Techniques 

Chapanis (1958) covers the basics of experimental design for human factors 
engineering. Woodson (1981) covers the basics of moekup design and of subject 
selection. The following discussion is based upon Woodson, pp. 993-1003. 
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Mockups are developed throughout the development process to validate pr<^osed 
designs. There aro two basic types of mockups, differentiated by scale. The miniature 
scale mockup is essentially a model used to examine gross or over-all structural or 3- 
dimensional relationships. The full-scale mockup Is used to test the relationships 
between the system and its user or meintainer. 

At the beginning of the design process, moclnips are tentative, cheap, and 
temporary. As the design process unfolds, mockups become increasingly substantial, 
closer to the physical reality implied by a design. By the conclusion of the design 
process, a mockup takes the form of a prototype. If the prototype is sufficiently 
advanced, the mockup may graduate to a training simulotor during the deployment stage 
of the system life-cycle. Different stages in the design process require different levels 
of complexity. The following mockup approaches arc suggested to provide these 
different complexity levels. 

Paper Mailcup. This kind of mockup is inexpensive and relatively quick to provide. 

The working medium is paper and/or cardboard. The paper is coordinate scaled (line 

quadrille paper), and design elements may be cut out end moved around on a backing 

surface, or they may simply be drawn on a working surface. This provides a very good 

first-cut examination of miniature-scale workplace or facilities layouts or for initial 

review of full-scale relationships like those of a control panel and its elements to 

operator reach. Woodson notes: 

It should be emphasized that the paper mockup is not to be 
regarded as a plaything that is beneath the dignity of the 
practicing professional ... a paper mockup will provide 
important criteria for developing more sophisticated mockups 
later on during the design program. ( p. 993) 

Soft 3-Dimensional Mockup. This type of mockup is somewhat more durable than a 
paper mockup. It is constructed from wood, cardboard, and rigid foams. It is termed 
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"soft" beeauso tho materials are easy to work and assemble, in contrast to "hard" metal. 

A wooden frame provides structural support for cardboard or foam board 
representations of a control or work environment. The cardboard or foam board "skins" 
may bo used as the mounting surface for paper mockups of controls and displays. Such a 
full-scale 3-dimenslonal soft moekup gives the ability to evaluate the spatial 
interrelations between an operator and his working environment. 

A miniature-scale soft moekup is typically made from a soft wood like balsa. The 
elements of the scene (chairs, panel racks, etc.) may have a magnet attached to their 
undersides so that they can be secured on a metal mounting plate. 

A soft moekup can be made more realistic once the basic patterns have been 
validated by replacing the paper mockpups of instruments with their actual counterparts, 
mounting them in the moekup skin. From there, the Instruments may be wired to 
simulate active instruments. 

Soft mockups can also bo used to examine maintainability problems, such as 
location and size of access hatches. Because of the ease of construction many 
alternative designs may be tried out via soft mockups. The appearance and 

operator/maintainer relationships exhibited can be captured photogrcphicaUy for aU 
trials. This can lead to increased communications among those Involved in multi- 
specialist design teams and provides both documentation and a comparison among designs 
for design reviews. 

Hard Mockups. The hard moekup serves to define the detailed assembled aspects of 
a completed design; at the extreme it is a full prototype. The hard moekup is made with 
metal and exhibits the details of internal structure as well as external appearance. This 
is the working laboratory for finalizing design decisions, like the running of wires and the 
selection of hinges. It provides a device for working oat assembly sequences and 
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maintenance operations. Hard mockups ere used to evelucte spacifle human-machine 
Interface problems, includinif maintenance and repair as vjell as operation. 

Other Mockufg. “tyling bucks and models consist of clays ce molded plastics 
providing just tha external appearance and dimensionality of a product. Portability 
models add dynamic characteristics, like the center of mass, to evaluato piroducts such os 
hand tools which are expected to be manipulated, carried, or positioned by their users. 
Portability models are used to examine the weight and balance effects of tha product in 
use. Accessibility mockups are concerned with optimizing access to internal 
components. They can examine the physical arrangement of components from the view 
of the efficiency of maintenance. 

PetermininiT Type and Level of Mockup 

While there are no absolute rules, the available time and the criticality of the 
human-machine interactions are key considerations. A mockup cannot ba useful if it 
cannot be ready at the appropriate design stage; the type and level of mockup should bo 
[donned Into the design schedule. 

Woodson notes the following as critical interactions— 

0 The working space is limited due to external connning 
constraints. 

o An escape envelope or path must be defined. 

o Visibility adequacy and/or constraints need to be verified. 

o Reach adequacy and/or constraints need to be verified. 

o Lighting parameters need to be established. 

0 Entrance and exit for non-standard users needs to be 
provided. 

o Control and display arrangements for ease of location, 
identification, and speed of use need to be studied in real 
time. 


o Component-reek Interactions may present mobility 
problems for the maintenance technician. 

Making a mockup insufficiently realistic or detailed may prevent finding reliable 
answers; on the oth« hand, any effort expended beyond that required to answa* questions 
like those above is not cost-effective. To be as useful os possible as a design evaluation 
tool, a mockup should be as flexible, adaptable, end changeable as possible, allowing 
alternatives to be quickly and inexpensively considered. A mockup is not an investment 
but a tooL 

Miniature-Scale Mockups and Models. Scale should be selected to fit the overall 
number of items to be evaluated in the miniature scene. The model and its elements do 
not need to be detailed, but they do need to be scaled accurately. One-sixth scaled 
models are suggested for interior room arrangments. As long as a flat floor is involved, 
the metal base plate to which magnets will stick should be inscribed in a grid of the 
appropriate scale. These models provide a vantage point to observe total arrangement 
proposals. Among other objectives, miniature-scale can be used to evaluate sightlines, 
route utilities, arrange workstations, and evaluate traffic flows. 

Use of Drawings and Paste-Ups. Panel composition and layout can be initially 
evaluated by simply pinning a drawing on a walL Bett^ yet, attach a metal, felt, or 
cork surface to the wall to which panel element paper mockups can be attached. Both 
sitting and standing relationships can be observed. This technique can be used to analyze 
reach problems, sequencing and grouping, spacii^ and layout, and height for visual 
displays. Free standing walls with different plane surfaces can be simply constructed 
from a wooden frame and foam board. 

Ereetor Set Mockups. Optimum positioning of controls and displays can be 
established by placing the user in a 3-dimensional framework constructed from "erector 
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set" beams. Control and display elements can then be mounted on adjustable supports 
bolted to crossbars on the frame. The elements can be adjusted in 3‘Klimensional space 
until the best location is determined. 

i 

Experimenting with Alternative Panel Layouts 1 

Woodson puts it most clearly: | 


In experimenting with alternative panel layouts, one should 
make a checklist of the principal human engineering features 
that should be kept in mind, i.e., functional organization, 
sequence of use, frequency of use, and primacy or 
importance. In addition, however, one can also examine a 
number of factors that are not in the typical human 
engineering guides. For example, although there are criteria 
for spacing to prevent inadvertent activation and criteria for 
size of label letters, end so forth, spacing is often a matter of 
general appearance, e.g., balance, symmetry, and absolute 
clarity. One can "see" these characteristics only when 
experimenting with several different arrangements and 
spacings. For example, it may become obvious that, because 
the panel has to be very small, crowding obviously creates 
^ confusion. By making slight alterations and/or adding 

separator lines around certain related functions, one can 
alleviate the confusion. One can also tell rather quickly when 
the size variation among lobeb is not sufficient to provide an 
immediately clear indication of function levels. Even though 
criteria have been established by human engineers, these 
sometimes need to be adjusted, (p. 998) 

Human-Machine System and Environment Simulation 


While all models and mockups ore to some extent simulations, the use of computers 
to provide a dynamic interaction between human and system is perhaps the ultimate 
mockup. The extent of realism depends on several things including how important a 
variable may be to human performance, how well it can be simulated, the time avaUable, 
and the cost. Woodson cautions: "Avoid the temptation to create an exotic simulation 
because it is a design challenge." However, it should be kept in mind that a successful 


simulation may be advanced into a training device for the operational system. 
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Choosing Subjects for Mockup Evaluations 


Designers tend to be unsatisfactory subjects. They tend to be biased toward their 
own designs. They are not generally representative of the user population. In addition, 
designers typically assun:e that ell users will react to a design In the same way tliat they 
do. Things about the design that seem straightforward, clear, and desirable to the 
designer may be completely strange, foreign, and undesirable to actual users. 

Subjects should be chosen directly from the expected us^ population. They should 
exhibit the range of anthropometric distribution for that population, particularly in size 
and strength. Those chosen should have the appropriate range of intelligence, 
experience, and training. 

Determining the Number of Evaluators 

To evaluate reach and clearance, five subjects from each of the extreme design 
percentiles (e.g., the Sth and 9Sth percentiles) should be adequate. To evaluate weight 
characteristics of a p<»’table package, 10 small subjects should suffice. To evaluate 
control manipulability, at least 20 subjects ore required. For mockup and simulation 
evaluatims of team procedures, a minimum of three complete teams should be used. To 
evaluate comfort and convenience, at least SO evaluators should be used. 

Establishing the Basis for Test Subject Selection 

When the mockup is testing dimensional physical relations, test subjects should be 
chosen to represent the critical dimensional limits of expected users. This situation 
requires subjects who represent the largest people, to test clearance, and who represent 
the smallest people, to test reach. In-between size subjects need to be included to 
ensure that some in-betiveen dimensional problem is not overlooked. It is standard 
practice to fit the 90% of a population who fall between the 5th and 9Sth percentiles. 
However, note that if a product is to be used by both sexes, the range should be from the 
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5th percentile woman to the 95th percentile man. 

For humen engineering factors other than dimensional physical relations, a more 
random sample from the user population should be used, of sufficient size to obtain 
reosonably reliable measures. 

Evaluation Design 

Mockup evaluation design should follow standard experimental design. This 
recommendation ImpUes statistically honest and reUable procedures and appropriately 
trained personnel to run them. Chapanis’s (1958) text, as noted previously, is a standard 
adaptation of experimental design applied to human engineering questions. 

Co. elusion 

Mockups are an invaluable aid to the design process because they provide feedback 
to the designer and early detection of human factors ^oblems in an experimental 
setting. The most widely used human engineering methodologies incorporate the use of 
mockups and their evaluation into the design process. It would be beneficial if 
NASA/GSFC regularly used mc.rkups and in the design process and considered the 
establishment of a Mockups Test FaclUty. This faciUty would provide design evaluation 
for the GSFC community and serve as an ongoing experimental resource In developing 
human engjineered control rooms. 



MATHEMATICAL MODELLING TECHNIQUES USE" IN HUMAN FACTORS ANALYSIS 

Designers of machines pursue the design process in a predominantly quantitative 
manner. In response to the desire to describe the human-machine interaction in 
somewhat similar terms, a wide variety of mathematical models of human-machine 
interaction have been developed. 

In the past, much of the design of complex human-machine systems was 
accomplished using principles of "conventional wisdom" or by trial and error techniques. 
As a result, the human in the system was frequently confronted with a non-human- 
engineered system and left to cope as v/ell as he/she could. Quantitative design methods 
which model the human-machine inters v don permit the prediction of design choices in 
terms of system performance criteria. This ability rests on the ability to model the v/ay 
that the human behaves as a component of the overall human-machine system. 

There are many questions about the validity of such models — how can one predict 
human behavior? The use of such models over time has shown that they have a great 
deal of validity for narrow and well-defined application domains. Often, the utility of a 
model does not depend on its ability to predict accurately and in detail. A model which 
provides roughly accurate or approximate behavioral data is often useful in desigm 
decisions. Moreover, the process of modelling may help to facilitate the design pro'.ess 
by assisting the designer in organizing and clarifing his/her thinking on the hurnan- 
machine interactions involved in the system. 

This section will survey a numoer of i.'.odels and modelling methodologies which 
have been found useful in either conceptual or detailed design and analysis and modelling 
of human-machine systems. Two excellent sources for further inference are the recently 
reprinted classic text by Sheridan and Ferrell (1981), Man-Machine Systems; 
Information, Control, and Decision Models of Human Performance, and the excellent 


tutorial text by Rouse (1980), Systems Engineering Models of Human-Machine 
Interaction . 

This review will follow the organization which Sheridan and Ferrell (1981) present 
In their text. 

Information P rocessing Models 

This class of models and modelling methodologies represents the human component 
of the human-machine system as an information processor limited in its capacity both to 
attend to multiple Inputs arid to match stimuli with suitable responses. The models 
described in this section rest on the various theories of human information processing 
presented in the previous chapter. 

Sheridan and Ferrell (1981) divide models of information processing into two major 
classes: those concerned with probability estimation and revision and those concerned 
with Information measurement. 

Probability estimation, both objective and subjective, is used to capture the 
capacity of people to express their perceptions of relative frequeiicy and proportion. 
Probability theory may be used as a normative tool to describe or characterize optimal 
humtm behavior. Rules of probability may be used to form subjective estimates to assess 
the probabilities of hypotheses, and Bayesian probability theory may be used to update 

the estimates on the basis o? new evidence. 

Models of information measurement arc based on the principles of information 
theory which were developed in communication analysis as a way of quantifying and 
describing the behavior of communications channels. Sheridan and Ferrell provide an 
Introduction to principles of bivariate and multivariate information analysis. Information 
measures are interpreted in terms of coding, redundancy, and sequential constraints. The 
text Includes a review of experiments in which human performance has been successfully 
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interpreted using information measures. Such measures have tn^n moet successfully used 
in control tasks in which human performance can be characterized simply as 
stimulus/response behavior. They begin to lose power for more complex tasks. 

Manual Control Models 

The next broad class of models used to describe^ characterize! and predict human 
performance are control theory models. Sheridan and Ferrell (1981), Kelley (1968), and 
Rouse (1980) all provide extensive treatments of this subject. Manual control models 
seek to minimize enoe or system deviation from the norm. Often referred to as 
engineering models, manual control models have been quite useful for describing 
continuous control of systems having a limited number of degrees of freedom, i.e., 
variables which need controL This class of systems includes vehicles of all kinds 
including aircraft, automobiles, bicyclesi, and ships. These models have not been as 
useful in systems in which control is predominantly discrete rather than continuous. 
Unfortunately discrete control is characteristic of many of the modem complex systems 
having various levels of automation. 

Rouse (1980) provides an interesting overview of discrete-time "modem" control 
theory formulations. He notes that although optimal control theory has been applied to 
modelling stqiervisory control situations in an effort to cope with the changing role of the 
operator in the face of increasing automation, the analogy of the human operator to a 
servomechanism has some inherent limitations which may also define the limits of the 
applicability of control theory and its models. 

Models of Decision Making 

One criticism of engineering or manual control models of the human operator is 
that although, for specific applications, such models are very accurate at matching 
human behavior, i.e., descriptively valid, they have little intuitive validity. Using 


sophisticated mathematical techniques, control theory models assume the human behaves 
as if he/she were engaged in a series of calculations which include integral and 
differential calculus, differential equations, Laplace and Fourier transforms. Modeb 
based on these assumptions lack intuitive validity because users often doubt that the 
human operator engages in such sophisticated computations in the decision making 
process. 

Decision theory was developed as a methodology to explain economic choice 
behavior in certain (l.e., deterministic) and uncertain (i.e., probablistic) environments. 
Over the years, decision theory and modeb based on deebion theory have been widely 
applied to many decision situations and decision makers, including the human operator in 
complex control systems. Decision theory modeb assume that the deebion maker 
optimizes some specified criterion or set of criteria (e.g., minimize cost, maximize 
profit) by selecting the alternative from a well-defined and exhaustive set of decision 
alternatives which yields an optimal value of the criterion function. 

Utility theory provides an enhancement to decision modeb by attempting to modify 
the optimization process based on the preferences and values of individual decision 
makers in decision environments. Thus, optimal choice b computed by determining 
which decision outcome is worth the most to the decision maker. For example, although 
an outcome resulting in a gain of $80 yields twice as much monetary reward as one 
resulting in $40, the value or utility of the first outcome to the decision maker may only 
be an increase of 50% rather 100%. The addition of a decision maker's utility function 
for outcomes is a refinement of decision making modeb which enhances their intuitive 
appeal and strengtheni; their structural utility. The primary difficulty with utility theory 
modeb of decision making b that the decision maker's utility function must be assessed, 
a task which is neither straightforward nor trivial. 


In addition to being either deterministic or probabilistic in nature, decision modeb 
exist for both single objective and multiobjsctive decision situations. The theory is more 
advanced and computations are much better defined and defined for the single objective 
or criterion case; multiattribute decision models are at the cutting edge of current 
research in decision theory. 

Another variation in decision theory models is time. Some models are static, 
representing one time, "one shot" decisions. Other models are dynamic and allow 
modelling of sequential decision making processes. Applications to human behavior in 
control systems include signal detection models of static behavior, dynamic models of 
behaviors including optimal stopping and data taking time, reaction time and 
discrimination, and instrument scanning and sampling. 

Newer Modelling Approaches 

As the quest for more faithful and accurate models continues and as the need for 
models which reflect complex decision making behavior in automated systems grows, a 
number of new modelling approaches have been tried, some with a good deal of promise. 

Queueing Theory. Rouse (1980) contrasts manual control models with queueing 
theory models by stating that the former are concerned with system performance as 
defined by deviation of the system’s state from some desired trajectory, as opposed to 
queueing models which measure length of time required to perform tasks, for example, 
waiting and service times. 

Queueing models are very applicable to situations where task completion time is 
important. Applications have included models of visual sampling behavior for 
instruments on a console as well as monitoring behavior. One very succesful application 
is in air traffic control environments, where queueing theory models have been used to 
assist in scheduling take-offs and arrivals and in staffing. One novel application is the 
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use of queueing models to assist in dynamic task allocation in automated and 
semiautomated cockpits; queueing models have also been used successfully to model 
multitask pilot decision making. 

Fuzzy Set Theory. An even more recent approach to modelling discrete human 
decision making is the use of fuzzy set theory. Its use in modelling human-computer 
interaction in complex systems is even newer and there is, as yet, only limited 
experience. Rouse and his colleagues (1980), however, have tried several applications 
and concluded that fuzzy set theory may be very useful for situations where the human 
must cope with inexact knowledge of the process being observed and/or controlled. This 
research team has used fuzzy set models in both process control and fault diagnosis 
tasks. 

Production Systems. Markov Chains and Pattern Recognition. Rouse (1980) presents 
three modelling methodologies which have not yet been applied to hum«»n-Ttr.ohine 
interaction situations, but show a greet deal of promise, particularly for automated 
systems in which the humdn functions as a system supervisor. 

Production systems have been widely used in computer applications, particularly in 
artificial intelligence. They have also been successfully used to model decision making 
and policy making behavior in social science applications. Production systems permit 
modelling of discrete, sequential decision making in which a |«attem of events evokes 
actions. 

Probabilistic sequences of events can be modelled as Markov Chains. Markov 
Chains allow the description of aggregate human behavior, not just individual behavior. 
Aggregate behavior is often more useful in engineering design as opposed to statements 
or descriptions about individual behaviors. 

Another technique being developed in artificial intelligence is pattern recognition. 
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Theories and models of pattern recognition may be quite useful for describing human 
behavior in display scanning and sampling as well as fault diagnosis. Furthcrmoroi if the 
pattern recognition models are robust enough, they may bo quite helpful in designing 
decision aids to assist humans in pattern recognition tasks. 

Summary 

This section provides a broad and general overview of modelling techniques used in 
human factors design and analysis and in the description of human-computer 
interaction. Some of the models and modelling strategies, such as manual control models 
and decision theory models, are well-defined and tested, with proven and accepted 
domains of applicability. Some of the techniques are much newer and more speculative. 
There is a need, however, to explore strategies and techniques beyond the conventional 
models. Modern systems, with increased automation, are bringing about a change in the 
role and responsibilities of the human operator. New tasks ore discrete rather than 
continuous and frequently involve a higher level of decision making. Conventional tools 
and approaches have not been able to represent supervisory behavior adequately and, 
thus, must be augmented. Severed of the modelling approaches sliow g^eat promise in 
describing human-machine interaction in automated systems. 

HUMAN FACTORS ENGINEERING METHODOLOGIES 

Introduction 

It is truly pointless to argue whether human factors engineering methodologies are 
a discretely separable set of methods or whether they fall generioaUy within some other 
classification, such as systems engineering. Human factors engineering methodologies 
are discussed here not to claim a separate discipline but to ensure that consideration of 
the human system component receive explicit attention. 



While superior design has always considered human capabilities and limitations, 
industrial design, architecture, and other activities devoted to producing goods for human 
use have traditionally proceeded in the craft tradition. This craft tradition, founded on 
good sense, intuition, end serendipity as well as a v/eeding out of clearly inappropriate 
designs, proceeded by building up a body of craft lore concerning what does and does not 
work when humans use material products. This lore, while not precise, sufficed even for 
the relatively uncomplicated products of the Industrial Revolution and through the 
nineteenth century. Whether handmade or machine-made, mos^ items were still 
individually made, individually used, and individually designed. 

The technologies of the twentieth century introduced new complexities and new 
scales to design, manufacture, end use. Oiu* machines became systems, too large and too 
complex to be understood in their totality by a single individual. The craft skills no 
longer were sufficient for design, manufacture, or use. Scientific and analytic 
techniques were developed as required to surmount the inadequacy of the individual 
designer, who could no longer operate on the basis of the "feel of the thing." 

Design became a cooperative effort across many specialties, manufacture became 
the work of diverse groups, and use became the responsibility of specialized team 
members. Integration and configuration management arose as their own specializations, 
with subspecialties concentrating on particular types of interfaces. Systems 
management itself became an administrative specialty, attempting to maintain order 
amidst incipient chaos. The prospect of an individual possessing an all-encompassing 
comprehensive overview became nearly meaningless. As the technologies became more 
sophisticated, gaps arose in design areas where specialists remained ignorant. And as the 
specialists were increasingly oriented to engineering and analytic technique and as the 
ultimate system user faded into anonymity, the system user end operator all too often 
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fell through the cracks of the interfaces. 

A dominant sector of human factors research has revolved around a figure in 
American folklore who attains near heroic stature and, in his rugged and daring 
Individuolism, has never quite faded into faceless anonymity in the eyes of those 
designing for him— the fighter pilot. Aviation-related research has been a mainstay of 
support for American human factors work in complex high-technology systems. Indeed, 
some of the most wide ranging applied human fae tors work has been done in support of 
the quintessential American Hero, the NASA astronaut. 

Within the last two decades it has become abundantly clear that the human system 
component is the a weak link when the system fails to build in human capabili and 
limitations. In the complexity of contemporary systems, the old craft approaches to 
ensuring usability simply have been superceded. The "squishy" performance oi human 
organism now needs to be integrated into the system design as mueh as the engineering 
performanee of a computer chip or a bearing; and the integration needs to be as 
technically based as other older engineering techniques to ensure compatibility among 
the components of the design effort. 

As expected, the major impetus for formal human factors engineering came from 
organizations with experience in operating large and complex systems whieh depended 
critically upon people for safe and effective performance. Significantly, the impetus did 
not arise on the part of the manufacturers of the products and systems being used by 
these organizations, except as an adjunct to traditional industrial design and marketing 
activities. The major systems operators have had to impress their coneerns for human 
factors engineering on their suppliers. For the major systems operators, human factors 
engineering is not a factor in marginal sales but in institutional and organizational 
survival. 
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Department of Defense 

Of eoursei the major supporters of human factors engineering are the Department 
of Defense, and the Nuclear Regulatory Commission, NASA, and the Federal Aviation 
Administration. The Department of Defense has been actively programmatic in insisting 
upon human factors engineering, promulgating the Military Standard MIL-STD-1472C, 
Human Engineering Design Critria for Military Systems. Equipment and Facilities and the 
Military Specification Mn.-H-46855B, Human Engineering Requirements for Military 
Systems. Equipment and Facilities . The NRC has issued many volumes of human factors 
related techniques and standards. 

MIL-H-46855B; 

"establishes and defines the requirements for applying human 
engineering to the development and acquisition of military 
systems, equipment and facilities. These requirements are the 
basis for including human engineering during proposal 
preparation, system analysis, task analysis, system design 
(including computer software design), equipment and facilities 
design, testing, and documentation end reporting . . . human 
engineering shall be applied ... to aeWeve the effective 
integration of personnel into the design of the system ... to 
develop or improve the crew-equlpment/softwore interface and 
to achieve required effectiveness of human performance during 
system operation/maintenance/control and to make economical 
demands upon personnel resources, skills, training and costs.” 

(p.l) 

The Specification requires human engineering efforts in analysis, design and 
development, and in test and evaluation. 

Proceeding from a baseline mission scenario, analysis Includes defining and 
allocating system functions between personnel and machines, applying human factors 
standards to equipment selection, analysis of tasks, and evaluation from a human factors 
perspective of preliminary system and subsystem design. To define and allocate system 
functions, the Specification requires that the information flow and processing needed to 
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accomplish the system objective be analyzed. Then estimates of the processing | 

' : ! 

capabilities of potential human roles, such as operator or maintainer, in the system must 

be made in terms of load, accuracy, rate, and time delay. The allocation of funetioiis is 

then made from projected performance data, estimated cost data, and other known 

\ • 

constraints. This allocation of functions deteri *nes which functltms will be assigned to 
machines and which to personneL 

With regard to the selection of equipment, the Specification requires tliat *n)uman 
engineering principles and criteria" be applied to identify and select the equipment to be < 

operated, maintained, and/or controlled by personneL Equipment selected "will meet the 
applicable criteria contained in MIL-STD-1472C." 

To determine components of tasks, human activities within the system are 
submitted to task analysis* This analysis is used in making design deeisions, for example, 
to determine whether system performance requirements can actually be met by the 
envisioned combinations of men and machines. Further, the task analysis is used to 

develop personnel requirements and procedures for operating and maintaining | 

! 

equipment. These requirements and procedures will also reflect needed training and skill ; 

i 

levels for system personnel. | 

This "gross" analysis will identify "critical" tasks to be analyzed further. A critical 
task is a task in which human performance which does not accomplish system 
requirements "will most Ukely have adverse effects on cost, system reliability, 
efficiency, effectiveness, or safety" (p. 12). Thus, a task is critical whenever 
characteristics of the equipment in use "demand performance which exceeds human 
capabilities or approaches (human) limitations" (p. 12). 

The further analyses of critical tasks identify important parameters of human 
performance: 
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o inf(Mrmation required by the operator or maintainer« 

including those cues lyhich alert the personnel to begin the 
task 

o available information 

o process of evaluating the Information known to the 

operator or maintainer 

o possible decisions as a consequence of evaluation 
o actions taken to carry out a decision 
o the body movements required by the actions taken 
o workspace envelope required by the actions taken 
o available workspace 

o location and condition of the work environment 

o frequencies and tolerances of possible actions 

o time.base or profile of the entire sequences 

o feedback provided to the operator or maintainer to inform 
of the adequacy or effectiveness of the actions taken 

o required tools and equipment 

o required number of personnel, their skills end experience 
o required Job aid^ or references 

o required communications, including types and media of the 
communications 

o any special hazards that may be involved 
o Interactions among personnel engaged in the task 
o operational or performance limits of the personnel 
o operational limits of machines and software involved. 
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SigniHcantly, the Specification requires this analysis of critical tasis "for all affected 
missions and phases including degraded modes of operation" (p. 5). The "gross" analyses 
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and the further critical task analyses then are used to determine individual and team or 
"crew” workloads which are compared with and evaluated against the performance 
criteria for the system. 

To evaluate preliminary system and subsystem designi as in the selection of 
equipment, "human engineering principles and criteria" are applied to system and 
subsystem designs. These designs must satisfy the criteria of MIL-5TD-1472C. 

Human engineering in detail design requires participation of personnel who are 

assigned human engineering responsibilities in design reviews and engineering change 

proposals. Equally as important, the Specification requires "studies, experiments and 

laboratory tests to resolve human engineering . . . problems" (p. 5). Two approaches are 

spelled out by the Specification: mockups and models, and dynamic simulation. 

Concerning mockups and models, the Specification directs that 

"at the earliest practical point in the development program ond 
well before fabrication of system prototypes, full-scale three- 
dimensional mockups of equipment involving critical human 
performance shall be constructed. In those design areas where 
systems/equipment involve critical human performance and 
v/here human performance measurements are necessary, 
functional mockups shall be provided" (p. 6). 

Concerning dynamic simulation, the Specification directs its use as a design tool, 
giving consideration to different models of the human operator. Considerations should be 
given as well to "man-in-the-loop" simulation and its possible development and use as 
training equipment. 

To ensure that human engineering is truly applied, the Specification requires that it 
be reflected in the equipment-detail-design drawings, in the appropriate design 
documents for the work environments, workstations, and facilities, and for performance 
and desigpi specifications. Among the items explicitly enumerated for analysis under 
"normal, unusual, and emergency" conditions, the foUowing are generally applicable for 
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NASA/Goddard consideraticn; 

o atmospheric conditions, such as composition, volume, 
pressure, temperature, humidity, and air flow 

o acoustic noise, both steady state and impulse 

o adequate space for personnel, their movement, and their 
equipment 

0 adequate physical, visual, and auditory links among 
personnel and between personnel and their equipment, 
including eye position in relation to display surfaces, 
control, and external areas 

o safe and efficient walkways, stairways, platforms 

o provisions for minimizing psychophysiological stresses 

o provisions to minimize physical or emotional fatigue, or 
fatigue due to work-rest cycles 

o protection from chemical, biological, toxicological, 
radiological, electrical, and electro-magnetic hazards 

0 optimum illumination for the visual task 
Finally under equipment detail design, the Specification requires that "the 
development of procedures for operating, maintaining, or otherwise using the system 
equipment" be "based upon the human performance functions and tasks identified by 
human engineering analysis. This is done to assure that personnel behaviors are 
"organized and sequenced for efficiency, safety and reliability . ." and that "the 
development of operational, training, and technical publications" (p. 8), reflect this 
human engineering. 

The Specification requires a hmman factors test and evaluation (T and E) program; 

o to assure fulfillment of the Specification’s requirements 

o to demonstrate that the system, equipment, and facility 
design conforms to human engineering design criteria 
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o to confirm compliance with performance requirements ■ 

where personnel are a performance determinant 

o to obtain quantitative measures of system performance as 
a function of human interaction with equipment 

o to determine any undesirable design or procedural features 

that have been introduced ^ 

This human engineering test program is to be incorporated into the system Test and 

Evaluation (T and E) program. The Specification directs that the human engineering 

portions of all tests include particular components: 

o a simulation or, if possible, actual conduct of the mission 

or work cycle j 

o specific tests of the critical tasks 

o a representative sample on non-critical scheduled and 

unscheduled maintenance tasks ' 

o proposed job aids, training equipment, and special support 
equipment 

o test . !ts representative of the range of the intended 
user p ! tion 

o colie- M-r' . data on task performance in operational 
environments 

o identification of discrepancies between required and 
observed task performance 

0 criteria for acceptable perf^mance of the test 
Further, all faUures occurring during T and E ere to Tie subjected to a human engineering 
review to differentiate between faUurcs due to equipment alone, personnel~equipment 
incompatability, and those due to human error" (p. 10). 

To ensure that human factors or human engineering is incorporated in ell phases and 
all parts of system analysis, design and development, and test and evaluation, the 
Specification requires the human engineering program to be coordinated with other 
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program areas and integrated into the total system program. The mechanism to 
encourage this coordination and integration is the requirement that personnel assigned 
human engineering responsibility must "approve ell layouts and drawings having potential 
impact on human interface with the system, equipment, or facility" and that " the human 
engineering portion of any analysis, design, or test and evaluation program shall be 
directed under the direct cognizance of" tliesc personnel (p. 10). 

Several aspects of the human engineering methodology laid out by MIL-H-46855B 
deserve special attention. The emphasis on the application of "human engineering 
principles and criteria" extends in time throughout the entire process and tlirough all 
components of the process of analysis, design and development, and test and evaluation. 
To ensure that serious attention is paid to human engineering problems, human 
engineering specialists are required to sign off on designs, plans, and drawings with 
potential effects on the human/machine interface at each stage. 

The MIL-H-468S5B human engineering program emphasizes the conduct of studies, 
tests, and experimentation, both in the design and the evaluation stages. Notably, it 
encourages the early use of mockups as an evolutionary design tool which may, with the 
Incorporation of dynamic simulation of system behavior end functions, lead to training 
simulators. There is a stress upon the ongoing collection of data concerninc human 
performance In the operational context of a given system. 

The Specification recognizes that working hardware is not sufficient for a working 
system. The human engineering program ensures not only well-designed hadware, but, 
from analysis of the role of the human in the system, develops the data needed to address 
prcblem.i of staffing levels, personnel selection and training, and procedures for the 
operation, maintenance, and other use of the system. 

In addition, the Specification invokes the technical authority of established human 
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engineering standards, specificaUy the MIL-STD-1472C supplemented by Human 
E ngineering Guide to Equipment Desig n (Van Cott & Klnkade, 1972) and 41 other 
specifications, standards, handbooks, and pubUcations which treat specific topics in 
greater detail. MIL-5x'D-1472C provides guidance for visual and audio displays, controls 
and their labeUing, application of anthropometric data, workspace and environmental 
conditions, maintainabUity, remote handling equipment, vehicle and vehicle eshs, 
avoiding hazards and promoting safety, aerospace vehicle compartments, and the 
personnel-computer interfaces. Standards for the personnel-computer interface largely 
Incorporate the recommendations contained in Guidelines for Man/Disolav TntPrf«c«>^ 
(Engel & Granda, 1975). 

TTie Nuclear Regulatory Commission 

Together, MIL-H-46855B and MIL-STD-1472C present a coherent approach to human 
engineering pracUce and appUcation as well as a very useful and proven set of human 
engineering guidelines. Much of the Nuclear Regulatory Commission's human factors 
program has been derived from these DOD guidelines. 

The Nuclear Regulatory Commission, as an "in loco parentis" operator of nuclear 
power plants, has a strong interest in the appUcation of human factors knowledge to 
nuclear power piants. As might be expected, the NRC's major interest here is with the 
control rooms of nuclear power plants, particularly in the aftermath of Three MUe 
Island. The bibUography for this report contains a selection of NRC and NRC supported 
work in this area (Banks & Boone, 1981; Banks, et al., 1981; Bell & Swain, 1981; 
Finlayson, Hussman. & Smith, 1977; MaUcry, Flieger, & Johnson, 1980; NUREG-0700, 
1981; Swain, 1980; Swain & Guttn.an, 1980). 

As a regulator of private power production using nuclear fuel, the NRC's role as the 
manufacturer is different from that of the Department of Defense, which itself direcUy 


?.38 


Uses the manufactured product* Rather than mandate the manufacturer's process of 
developing designs^ the NRC relies upon review of proposed designs and evaluation of 
these designs with regard to published standards* Discrepancies that are discovered are 
reported to the manufacturer who then must correct the situation* 

NRC documents NUREG-0700, Guidelines for Control Room Design Reviews, ond 
NUREG-0801* Evaluation Criteria for Detalied Control Room Design Review* are the 
primary sources of material with relevence for NASA/Goddard. NUREG-0700 contains a 
description of the NRC's Contr*/! Room Design Review Process and the Control Room 
Engineering Guidelines which form the bulk of the report* NUREG-0801 contains the 
procedural prescriptions to determine whether a design meets the functional 
requirements of NUREG-0700* 

The licensee and applicant for operating license Is required to 
perform a comprehensive review using NRC human factors 
design sidelines and evaluation* To aid the licensee in 
performing the review, NUREG-0700 * * . was developed and 
published* To aid the NRC staff and the licensee/applicent In 
judging the accepability of the review performed and the 
design modifications implemented, NUREG-0801 was 
developed" (p* ix)* 

The usefulness of MIL-H-46855B has not been lost on the NRC* Appendix B of 
NUREG-0700 focusses on the design of new control rooms* The appendix follows through 
the analysis and design and development phases of MIL-K-46855B. In the li^t of human 
performance errors at Three Mile Island, the NRC began its program of test and 
evaluation of existing control rooms from a human engineering standpoint. In the MIL-H- 
468SSB framework, NUREG-0700 and NL IlEG-0801 address the test and evaluation phase 
In great detail as guidelines for the review of existing control room designs, which is 
NRC's immediate project* However, the NRC notes that "these guidelines should also bo 
of use during the design process for new control rooms," and NUREG-0801 provides the 
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tost and evaluation criteria to be used. 

The Control Room Human Engineering Guidelines (CRHEG) of NUREG-0700 largely 
extend MIL-STD-1472C in those areas particularly pertinent to control room design a.nd 
serve the same purpose as MIL-STD-1472C. The major topics covered in the CRHEG 
include: control room workspace, communications, annunciator warning systems, 

controls, visual displays, labels and location aids, process computers, panel layout, and 
control-display integration. 

The nuclear power industry, through the Electric Power Research Institute (EPRI), 
has needed to come to grips with the human factors issues in control room design and to 
react to NRC regulation in this area. Thus, it is quite useful to consider along with 
NUREG-0700 and CHREG two publications produced by EPRI. The first. Human Factors 
Review of Nuclear Power Plant Control Room D^ign. provides a survey of current 
industry practice up to 1977. It is a marvelous tutorial on what NOT to do in control 
room design. The second. Human Factors Methods for Nuclear Control Room Design, 
published in four volumes through 1979 and 1980, provides detailed guidance, to the 
industry from within the industry, on how to remove and/or avoid the deficienciffl and 
errors catalogued in the 1977 EPRI study. These recommendations too are largely based 
on the framework established by MIL-H-46855B. 

The Control Room Design Review (CRDR) test and evaluation process is defined as 
having four phases: planning, review, assessment and implementation, and reporting. 
These phases are to be carried out by the licensee/applicant according to NUREG-0700 
and are coordinated with NRC activities according to NUREG-0801: evaluation of the 
licensee/applicant's program plan report, scheduled site visits during the review phase, 
evaluation of the submitted CRDR report, and verification of the implemented changes. 
The objectives of the CRDR are clearly stated with relation to these phases: 
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o to determina whether the control room provides the 
system status information, control capabilities, feedback, 
and analytic aid& necessary for control room operators to 
accomplish their functions effectively, (review) 

o to identify characteristics of the existing; control room 
instrumentation, controls, other equipment, and physical 
orrangements that may detract from operator 
performance, (review) 

o to analyze and evaluate the problems that could arise from 
discrepancies of the above kinds, and to analyze means of 
correcting those discrepancies wtiich could lead to 
substentlal problems, (assessment) 

o to define and put into effect a plan of action that applies 
human factors principle to improve control room design 
end enhance operator effectiveness. Particular emphasis 
should be placed on improvements affecting control room 
design and operator performance under abnormal or 
emergency conditions, (implementation) 

o to integrate the (CRDR) with other areas of numan factors 
inquiry (reporting) (p. 1) 

The planning phase described by NRC in NUREG-0700 in general simply reflects 
sound project management principles and practices. However, extraordinary emphasis is 
placed upon the selection of the review team and its composition. NUREG-0301 expends 
this guidance almost to the level of position classification statements for the different 
required specialists, including both formal education and professional experience 
qualifications. 

The review process itself is broken down into several areas of review: operating 
experience review, review of system functions and analysis of control room operator 
tasks, control room inventory, and control room survey. It culminates in verification of 
task performance capabilities and validation of control room functions. Any and all 
problems or discrepancies from the CRDR are compiled. 

These discrepancies are then the focus of the assessment and implementation 
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phase. The discrepancies are assessed first for potential safety consequences. Any that 
have such safety consequences will be corrected. Any remaining discrepancies are 
further analyzed for effects on operator or plant performance, availability, or 
efficiency. The discrepancies Judged significant in light of the criteria will also be 
corrected. Discrepancies to be corrected are then subject to analysis and to design 
improvement. During implementation, the discrepancies are physically corrected in the 
control room. 

Reporting requirements ore rigid throughout. In part, this rigidity is due to NRC's 
nature as a regulatory agency. More importantly, it echoes the concern of MIL-H- 
46855B that human factors engineering be based on appropriate data and that human 
factors engineering programs must produce reliable data to provide a basis for further 
humon factors design and evaluation. 

While based upon MIL-H-468SSB, MUREG-0700 is quite useful in the context of 
these guidelines because it demonstrates the successful adaptation of the military 
specification to a non-military environment and because it focuses on the application of 
these specifications to the control room environment. In addition, NUREG-€700 adds 
considerable meat to MIL-H-46855B’s treatment of the test and evaluation process and is 
specific to control room environments generically similar to those at KASA/GSFC. 

National Aeronautics and Space Administration 

Unfwtunatcly, a similar programmatic effort has not yet materialized at NASA. 
While NASA projects have contributed to our human factors knowledge (Behan & 
Wendhausen, 1973; Kubokawa, Woodson tc Selby, 1969), NASA human factors studies have 
traditionally had the manned aerospace vehicle and its crew as their subjects. In support 
of the manned space program, NASA commissioned the Anthropometric Source Book 
(Webb Associates, 1978) which in Volume 1: Anthropometry for Designers, Chapter vni, 
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Anthropometry in Sizing in Deign, under V7orkstation Deign, contaie the clearet 
statement of NASA guidance for human engineering. Even this is posed meely as a 
method to be used in developing anthropometric deign datcu The approach can be 
outlined in a serie of steps as follows: 

o Determine the characteistie of the potential user 
population and select the appropriate anthropometric data 
base far analysis. 

o Establish what the equipment must do for the user (form, 
function and interactim}. 

0 Select the [M'incipal int'vfaee of the user with tha 
equipment. 

o Establish the antliropometric design values to be needed in 
fabrication. 

o Design and evaluate a mock-up end revise the design as 
necessary. 

Clearly, this outline captures with t^ad bn»h the more developed guidance of MIL-H- 
468SSB and NUREG-0700. Again, emphasis is placed on the concept that human 
engineering cannot be performed without specific knowledge of the intended user 
population. Note the dear concern in the second step that equipment must be designed 
for the intended user rather than forcing the user to adapt to the equipment. Clear as 
well is the recognition that purdy cmalytic studies wiU not suffice when designing for 
people. The design work must be evaluated through toting end experimentation, using 
representative users with a mock-up or simulation of the equipment. The authors of this 
report hope that these guidelines will be effective in assisting NASA/GSFC to develop a 
more comprehensive and more detained progpr®>i™ for the applicatioi- of human factors 
engineering. 

George Washington University 

Woodson (1981) devotes Chapter 5 of the Human Factors Design Handbook to 
"Human Engineering Methods." 
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The materifils In this chapter (of over 100 pages) follow 
somewhat closely the humen engineering program practices of 
the U^. military services as they have been spelled out in 
human engineering specifications and standards . . . the 
purpose of this chapter is to provide a number of guidelines to 
ossbt designers in doing their own human engineering (p. 893), 

when engineering specialists are unavailable. V/oodson accomplishes this in a remarkably 

(dear and straightforward fashion with numerous illustrations and examples. Given that 

MIL-H-46855B explains what to do, Woodson presents a very practical exposition of how 

to do it. As Woo<bon says, 

although these guidelines were originally developed for use in 
mUitcry systems development, they have been found to be 
equally applicable to any hardware development program, large 
or small. Because the methods are based on a logical and 
systematic process of 

(1) establishing the (Mijper role of the human in the 
system, 

(2) designing the human-machine interfaces to fit tht 
human's capabilities and limitations, 

(3) evaluating and testing to see that the design docs fit, 
and 

(4) properly training the human to finally close the l(^p 
and thus assure reliable, total h«unan-machine 
performance effectiveness, they should apply to all 
products that are ised or operated by humans (p. 

893). 

The foregoing discussion has described global metho<k>logies for human engineering 
In g^neraL For the highly automated control room, an important human factors concern 
is the interaction between the computer and the controller or supervisor. The design of 
conversations between a computer ind its user which is truly human engineered Is the 
object of a local human enginec-ring methodology under development by r^earchers at 
George Washington University (Bleser, Chan & Chu, 1981; Bleser & Foley, 1901; Foley, 
1981; Foley, Wallace & Chan, 1981; Sibert, 1982). 
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Because the interface between the computer end the usor can clearly be considered 
as a conversation, these reseercherr adopt linguistic design (Bocast, 1983) as their basic 
design approach. This is a modification of "traditional" to{wbwn software d^ign 
methodologies in which the high level problem is seen as constructing a language specific 
to the needs of the user. The language is designed to express the objects or data 
structures of the user's application end the necessary and sufficient ways in which these 
objects can be manipulated. 

Analysis of the problem must produce a desoription of the process from which the 
objects of the application and the ways in which they can be manipulated and allowed to 
interact can be derived during the linguistic design process. To produce these 
descriptions, the George Washington University (GWU) researchers are suggesting the 
application of the human factors technique of task analysis. Task analysis itself is 
described elsewhere in these guidelines. From the task analysis, it Is hoped that "q set of 
design constraints and objectives, a definition of user charact^istics, end a set of 
functional requirements" may be produced (Sibert, 1982). Note that these functional 
requirements ere for the conversation about the user's application, not for the user's 
application itself. 

The functional requirements of the conversation at the interface must somehow 
reflect the functional requirements of what the conversation is about; otherwise there is 
no semantic content of relevance to the user application. A task is essentially defined as 
a group of independent but related activities diverted towards a goal; when performed a 
task results in a meaningful product. Before task analysis can be done, the goals and 
products must be known (McCormick, 1979). A task identified by the task analysis might 
be exemplified by: "Cwivey a request for selection of an action from a set of actions 'A' 
given state 'B'." The functional requirements might concern the allowable response time 
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or the permissible error rate. Thus, the GWU methodology presupposes that the 
application problem itself has already been completely analyzed. 

, With the human factors data gathered in the task analysis as the foundation, the 
GWU method proceeds in a standard linguistic approach through a four-step process of 
conceptual design, semantic design, syntactical design, and lexical design. The 
conceptual design is centered around the concepts needed by the user to work 
successfully with the system. It is the purpose of conceptual design to organize a set of 
language constructs, what the language is "talking" about. In brief, it identifies the 
objects to be talked about (data), the relations among the data (data structure), and the 
necessary and sufficient set of manipulations (operators) that are necessary to address 
the application problem from the perspective of the user at the interface. 

The semantic design is centered around specifying a sparse vocabulary, the words of 
the language which will symbolize or convey the meaning of the conceptual constructs. 
The vocabulary then defines the units of meaning of the language. The vocabulary 
elements are called the "tokens" of the language. However, it is necessary to structure 
the vocabulary, to develop ordering rales so that the elementary imits of meaning can be 
combined in ways from which sensible meanings can be built up, i.e., to produce complete 
thoughts. The syntactical design is centered on this creation of a grammar for the 
langiiage. 

The lexical design is centered on the problem of defining the means by which a 
language token will be specified. As Sibert (1982) notes, it is only at this stage that we 
begin to th*nk systematically about hardware. For example, a token meaning "the sun" 
might be defined by the computer as a string of characters "SOL" or perhaps by an 
idiographic image or by ringing a bell. Referring to the functional requirements provided 
by the task analysis, the characteristics of different interaction techniques may be 
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evaluated to provide the lexical basis of the conversation to ensure naturalness for the 
user, efficiency in time and effort, and minimization of errors in forming end ordering 
the tokens of the language. 

The proposed GWU approach departs from customary linguistic design at this point 
to consider the physical environment of the conversation as well es the "mentaP 
environment of reference and user's manuals formalized from the work of the preceding 
steps. (It remains unclear at this time how this step affects the design of the man- 
machine conversatiem itself). 

Finally, with the language completely designed at all levels— conceptual, semantic, 
syntactic, and lexical— and with all reference and user's material completely drafted, the 
language is subjected to a complete design review and evaluated against tlie functional 
requirements of the tasks to be talked about and against human engineering guidelines. 

^ Part of the GWU research effort is directed toward establishing these guidelines and to 
develop metrics that can be used to assess "such characteristics es goodness, efficiency, 
or user friendliness" (Sibert, 1982). On the basis of the design reviev/, a new design 
iteration may be started or the converf ation may proceed to implementation. 

Figure 8-4 (Sibert, 1982) presents the sequence of steps being investigated by GWU 
researchers. In summary, the conceptual, semantic, syntactic, lexical design steps and 
the design review are proven components of linguistic design. Their methodology goes 
beyond ordinary linguistic design as a metliodology in the application of the human 
engineering technique of task analysis to provide a well-structured foundation to the 
conceptual design and in the explicit consideration of the environment of the 
conversation. The GWU researchers are also active in investigating ways in whidi the 
linguistic design process may be more rigorously structured and formally expressed. In 
particular, they have made significant contributions to systematically lexical design emd 
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providing a basis upon which selection of interaction techniques at the lexical level may 
be made using human factors criteria. The full development of their methodology for the 
design of the man-machine interface is eagerly awaited. 

Figure 8-4 

Top Dovm Design Methodology Outline 

o Task Analysis 

o Conceptual Design 

o Semantic Design 

o Syntactic Design 

o Lexical (interaction technique) Design 

o User Environment Design 
o Design Review 

o Implementation 


SUMMARY 

The DOD Specification, MIL-H-46855B, is the leading methodology for the 
integration of human factors engineering into the systems development process. The 
NRC has followed this approach, implementing the methodology in a civilian environment 
and focussing on control room applications. NASA's philosophy of a human factors 
methodology can easily be incorporated in the methodology developed by DOD £ind 
adapted by the NRC. It appears reasonable to recommend that NASA consider MIL-H- 
468S5B for adoption, fashioning its implementation to the special characteristics of 
NASA activities, as the NRC has done. 




The specific interface design methodolcgis under develq>ment at George 
Washington University deserve further support and encouragement. If proven in practicci 
these specific methodologies may be prime candidates tor inclusion in a NASA version of 
MIL-STD-1472C for control room design. 
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CHAPTER NINE 

THE CUTTING EDGE: DIRECTIONS FOR FUTURE RESEARCH 


This report documents a broad research effort which surveyed all the 
major topics and associated guidelines, standards, and recent research related to human 
factors aspects of control room design. The activity spanned more than ten months and 
included the review of more than 300 documents and publications. Topics included those 
which are conventionally defined as "human factors" such as anthropometry and 
workstation design, those which are emerging due to the introduction of the computer 
into the workstation such as appropriate use of color and interaction techniques, and 
Hnally, those which form the cutting edge of current research such as displays which 
siq>port the role of a human supervisor in an automated control environment. The 
guidelines constituting the body of this document provide a distillation of what is 
known. D^ign standards and guidelines as well as user considerations are summarized in 
a form usable by system deslgjners. There are, however, many areas, particularly those 
related to computers, which are not well-defined, areas for which recommended 
standards are not available, and, sometimes, areas which are so nebulous or undeDned 
that relevant human factors aspects and appropriate human factors questions cannot 
even be formulated. These areas define the nucleus of the future research agenda. 

Just as in the current set of guidelines, the issues for further research consist of 
easy issues and difficult issues. "Easy" issues are areas in which there are still 
unanswered questions, but for which the required research strategies to address the 
questions are obvious and simple, requiring merely an expenditure of time and effort to 
carry out the needed tests and evaluation. "Easy" issues include the development of 
Goddard-specific anthropometric data, effects of environmental temperature on human 
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performance, and workstation design for multiperson workstations. Also included in the 
"easy" category are many of the questions concerning the hardware aspects of computer- 
based workstations. Although undertaking the needed experimentation to determine such 
things as preferred keyboard layout and useful color or graphics capabilities may be 
tedious, time consuming, and expensive, in comparison to research on the design and 
evaluation of strategies for information display, such topics look easy. 

The most challenging human factors research over the next decade will be in the 
area of human-computer interface. For real time systems in particular, and for most 
human-computer systems in general, research will focus on the development of methods 
to exploit the potential of the computer in assisting and improving human performance. 
Particularly in the areas of information display and decision aiding, the computer is a 
new medium with no analog in previous generations of workstations and has enormous 
potential to improve the efficiency and effectiveness of the human-machine system. 

Before the introduction of the computer into display technology, information 
displays were generally dedicated, status displays, often linked to low level hardware 
components. The human operator by necessity was forced to monitor banks of displays of 
low level status information, select out pertinent displays, and combine the displayed 
information into higher level forms compatible with his/her decision needs. Computers 
provide the opportunity to drastically change this mode of information display. 
Information provided by computer-based displays can be preprocessed by the computer, 
integrated and combined into a form more suitable to decision needs than low level 
displays reflecting the status of system hardware components. The computer can be used 
as an information filter to reduce the cognitive load of information processing. The 
design of such displays is not easy, however. At this point, it is still unclear what the 
important questions are. An understanding of how humans perceive and process 
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information is necessary. Given at least a rudimentary theory of human information 
processing, models which can be implemented on a computer are needed. These would be 
**es if models which would take as input low level status information and, behaving "as 
if" they were human information processors, display higher level human-compatible 
information as output. In essence, the information displays would be designed with some 
level of "intelligence". 

A related activity is the use of computers to replace the human in some tasks and 
the use of the computer as cm active decision aid to the human in other tasks. Using the 
computer both to relieve the human of tedious or stressful tasks (automation) and to 
assist the human in decision making tasks (decision support systems) will be a major 
thrust of future research. The expanse and potential of computer systems require that 
strategies be found to use automation to enhance, rather then degrade, human 
performance and to use computers as a decision aid, rather than a decision hurdle. 

Although the goals are clear, the implementation strategies are not. A great deal 
of basic research is needed to develop strategies for using the computer. Then, the 
resulting strategies need to be empirically evaluated and the results used to refine the 
strategies, which again must be evaluated. The road to the full utilization of the 
computer’s potential in human-computer systems is long and uncertain; yet, the promise 
offered is staggering. The computer offers the human decision maker an unparalleled 
helpmate whose potential is at this point unbounded. 
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APPENDICES 


PRECEDING PAGE BLANK NOT FILMED 


APPENDIX A 


ANNOTATED BIBLIOGRAPHY 

A tangible result of the literature survey conducted by George Meson University is 
the annotated bibliography contained in this appendix. The literature survey was a multi- 
purpose activity. It served as a framework for the guidelines presented here; it 
generated the annotated bibliography; it provided an up-to-date assessment of human 
factors literature and rese£irch pertinent to Goddard's command and control 
environments, and it greatly contributed to the educational forum concerning human 
factors that George Mason University strove to achieve at Goddard. 

The annotated bibliography is maintained in automated form on a Tandy-Radio 
Shack TRS-80 Model II microcomputer. Using the Profile n package, an alphabetical 
filing system was constructed. The system is capable of many tasks but is not without its 
limitations. It was occasionally necessary to make trade-offs regarding space versus 
information while constructing the files. For example, in some cases titles were 
abbreviated to fit the available space. 

A valuable aspect of the system is the ability to sort the data base according to 
pre-assigned keywords. As each entry v/as annotated, up to 16 appropriate keywords 
were assigned, representing the content of the entry. The sixteen keywords are: 

KWl — Artificial intelligence 
KW2 — Decision support systems 
KW3 — Command and control 
KW4 — Information processing 
KW5 — Anthropometry 
KW6 — VDT hardware 


KW7 - VDT software 
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KW8 — Design guidelines j 

KW9 — Annotated bibliographies 

KWIO — Human factors engineering 

KWU -- Human factors tools 

KW12 — Workstation and environmental design 

KW13 — SupervisOTy control and monitoring behavior 

KW14 -Human-computer interface 

I 

KW15 — Display design i 

KW16 — Effects of automation ! 

1 

The annotated data base contains severa). items for each bibliographic entry besides \ 

i 

what is listed in this appendix. The assigned keywords are one example. Prom the first j 

f*eld on the screen it can be determined whetlier the GMU project (P) holds the document 

i 

or whether it can be found in the library (L). The second field on the screen indicates j 

what type of document the entry is, with the corresponding legend: i 

T — technical report or memorandum ’ 

B — book 

J — Journal article 
D — dissertation 
P — proceedings article 
W — working paper 
C — chapter from a book 
M — media 

The format of the printed bibliography is somewhat different from eonventlon 
formats due to unavoidable space trade-offs. Only the first three authors of a document 
are listed, with the length of the last names limited to twelve characters. The length of 
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the title was also limited to no more than seventy-six characters. In cases where no 
author name was availoble, the sponsoring agency v;os inserted as the author, e.g., 
NASA/GSFC, Department of Defense, Human Factors Society, and so forth. The entries 
include standard information: author, title, publisher, and date. In an attempt to make 
the entries es complete as possible, additional information was included. Affiliations of 
the author were included v/here applicable as were page numbers. Where a National 
Technical Information Service number (NTIS) was available, it was included to assist 
those wishing to obtain the document. Applicable report numbers, such as those used by 
the Electric Power Research Institute (EPRI-XXX) and the U.S. Nuclear Regulatory 
Commission (NUREG-XXX), were also included. The system is capable only of sorting 
alphabetically according to the first letter of the primary author's last name. In 
instances where single authors have published multiple documents, entries were made 
randomly after the initial alphabetized placement of the author's last name because the 
system was not capable of more detailed alphabetizing. 

The space available for each annotation was somewhat limited but quite adequate 
for the purpose of this document. The PROFILE D software limited the size of the 
bibliography to three hundred entries which was currently sufficient. However, actions 
are being taken to develop an expanded automated bibliography. 

Immediately following is a list of abbreviations used within the bibliographic entries 
and annotations. 

List of Abbreviations and Acronyms 
ACM—Association for Computing Machinery 
AFB— air force base 

AIAA— American Institute of Aeronautics and Astronautics 
AMRL— Aerospace Medical Research Laboratory 
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AP A— American Psychological Association 

ARI*-*Army Research Institute 

BBN— Bolt Beranek and Newman 

CRT— Cathode Ray Tube 

CSC— Computer Sciences Corporation 

CTA— Computer Technology Associates 

Def. Doc. Ce.— Defense Documentation Center 

Dept, of Def.— Department of Defense 

DHHS— Department of Health and Human Services 

DOC— Department of Commerce 

DOCS— Data Operations Control System 

EPRI— Electric Power Research Institute 

ERBS— Earth Radiation Budget Satellite 

GAO— Gcna*al Accounting Office 

QWU-nST— George Washington University Institute for Infc^mation Science and 
Technology 

HF— human factors 

HFG— NASA/GSFC Human Factors Group 

HFS— Human Factors Society 

Hum RRO— Human Relations Research Organization 

EBBE— Institute of Electrical end Electronics Engineers 

KCRT— keyboard cathode ray tube 

LAN— local area network 

MDOD— Mission and Data Onerations Directorate 
MIL-H— Military Handbook 
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MOD— Mission Operations Division 


MOR— mission operations room 


MSOCC— Mul Satellite Operations Control Center 
KA... ’IMSFC— NASA George Marshall Space Flight Center 
'•A vA, ■ .".VC— NASA Goddard Space Flight Center 
NASA/«oC— . iSA Johnson Space Center 
Nat. Res. Coun.— National Research Council 
NBS— National Burc..u of Standards 

NIOSH— National Institute for Occupational Safety and Health 
NRC— U.S. Nuclear Regulatory Commission 
NTES— National Technical Information Service 
NUREG— U.S. Nuclear Regulatory Commission document 
NYCOSH— New York Committee for Occupational Safety and Health 
SAI— Science Applications Inc. 

SAND— Sandia National Lab. document 

SMC— Systems, Man and Cybernetics Society 

SRI— Stanford Research Institute 

TDRSS— Tracking and Data Relay Satellite System 

TB— Technical Information Service 

VDT— Visual Display Terminal 

VPI— Virginia Pol3^echnlc Institute 
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ACM, The Psg^choiiogy cf Bunui^KIompiter A^teracticn, ACM Cosiputing Surv^, Vc2. U. Ho. 1, 
Mar 1981. 

Special iasie. Hsludss; An Acplicsd F<Ycbai!ogy cf tha Ossc; HP Studies of Dotabsae 
Quacy L^t^guage; Behavioeal Aepecis of Text Editom; The PsychoJogg'cnl Study of 
PtDgzzunming, and The Piydnlo^ of How Hovicca Lesm Computes Pxogcameung; Snadally 
notable fix Rotiss's acticle: Human-Computer mteractian in the C m tzol of Oynamic 
Systema. 

ANACAPA Scie, Fisidamentala of Human Psctxxs fioc Brqjngeiring and D^ign, AHACAPA Sdences, 
Inc., Santa Bazbaza, CA, 1981. 

Tba euppocting documentatkn &oa an inbenaive, peacttcal throe day asminar held in 
Hadiing^, D.C. in March 1982. Topics ccvezijd indueb huiiuui factocs modds, tsuaan 
infearmation pcoceasing, psdesign ana^sia, teak analysis, pdn^ples of 
diqplay/aonttol layout, tauaeut/oomputer intej&»oa design, osthods cf layout and 
azxangement end dsei^ test and ewaluatkn. It pcov^as an ««ra»Tianfc oveiviaw of 
human factos oonsidaiadons in eyatem design. 

ASubi, E. A. £ B. a Mcegan, Engineering Psyduiogy and Buiaan Poficcsance, Annued Review 
of Paydntogy, VdL 27, 1976, pp. 305-330. 

A somewhat dated yet thoeough Uteiature review spanning ten yens (1966 - 1976) of 
zeeaazch in the human fiictos flpid. It oontsits an cscalisnt hahliogtaply thzcugh 
1976 and provides an i n te grated fisamewocic £or the Htstature euzvey. 

Alter, S., Dedaicn S'jppoct Systems Current Practice And Ccntinuiiig CbsSangecv 
Addiaon-Mealay Publishing Company, Reading HA, 1980. 

Presents esse nhyU°fi, ccnclmLcna, and nacxmmendaticna taken from a survey csf 56 
non-tradittonnl information systems. While not all ^^stems rsported might be 
considered dedaicn su^^xxt they all are t'frfg tji ts overcome the of mis. 

Provides a taxonomy of dadsLon support ^sterns and compsrative petteme of usage by 
individuals with dii^eient ocganizatiaial mim, Treats impleicentatiaa in s t ra t e gic 
and tactical detaD, particularly ways to avoid Icnowa dangers. Very good bdbUogzaptiy. 

Ammerman, H. Ik £ W. B. Mdching, Man in Coitzol of Highly Automated Systems, HumRRO, 
Abxandzia, VA, NTISt AD727658, May 1971. 

This paper identities what a person diould do re a dedsLon maker and oontcoHer in 
the newly evolving man-machine systems. Among the topics dticussad are man's 
undeidying bade functiens in a compUex system, task activities fix individual jabs 
and their analyses; and training and the design of opcxntional job posttionm 
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® ®* '^‘=^ Synthesis and Analysis Methods fcr Safety and 

RoUahaity Studies, Plsnun Ptaso, New V<rk, NY, 1980. 

8<dfic|^ pap^ itea tiia NATO Adranoed Study institute cn Synthesis and Analysis 

Studiesv Ju^ 3-14, 1978. oSdtoto 

skB^ ta^ jysteus; mu2±Jtate systema^ logic diagrams; mu£dstate system, cthar 
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M. E., H. R. Raas By S J. N. Hcsper, Annotated Bfliilogtaphy on Human Pactora in 
ScCtwate :ves»pment, NTB# ADA071U3, Englawood, CO, sSSiS^tions, inTSt 1979. 

* fetgerniaaatdi effect on £±atc o£ the rirt human fectacs, a UteataiB 
^ ^ Reseandi icctitutE, leaiTtlng In this 478 entry 
behavioral especte of software daig^ 

S^SSrtta^^l 97 f evaluation, and nalntecanoa. TteStocature 
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daa^n, fe^at^ design; tha envurenmental cxsitert; and ^jd It 

conteM both c Taog i c and naw^^ emerging human fo xrtors tc^jica and Is a valuable 

AimundatotB! Pibhlams and Recommendations 
NRCf EG&G L5ahQ, Inc., Idaho FaDs, ID, NUREG/CR-2147, 1981, 

In nuda^ control rooms afflodatad with annundatcr display 
^tenaa^provij^ gwra fl n genenc salutions to these i^dhtema. Also prowdos 
»»mm pi nd ati c ro azid direction fits: feture impicfvements aind research frv^rao<^ on the 

® engineering peumective. MH.-6TD-1472-B was rsed as a 
di^pi^y »mluaticn critailcn. General^, eaimudatozs were fibuid to be ine^dsouatelv 
organized and Etcuctured via importance, fencticn, system impact, or re^snse rexpsired. 

Hu®»n Engineering Design Conaidetatians fer 
CRT-Generated Diq^ys, HRC, EG & G Idaho, Inc., Idaho Falls, ID, Oct 198L. 

2??^ !2f ^otk reviewed and summarized the flrvtin.p o£ thirteen source 

toi^ts detaj^ ^andards fer the ime of CRT goierated Tte^, 

® harfware characteristics (e.g., symbol oaitrast, luminance, refe^ rate); 
some discuasion o£ workatatim design, raa of color, and interactive 
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Banks, W. H. & M, P. Boone, A Mcthcdl for Quantising Ccntzcl Acxyrssihilifcy, Hum£ui P^^Ttocs, 
VdL 23, Ncl 3, 1981, pp, 299-303. 

A method c£ statistically quantifying the accessibility cf ccntzols was prc^xz^, the 
index of acceffahiUty, and validated. It considered three sources of variabili^ 
operator's reach envcdqpe, ftequency of use, and relative physical posiden of contzo 
Is with respect to the operatoc The nsed for valid and mliabb measures is a point 
%rell taken and this index should be used again to replicate the reoilta 

Baron, S. & H. H. Lev^on, Display Analysis with the Optimal Control Model c£ the Human 
Opexa^, Human Pactcczv Vd. 19, Ha 5, 1977, pp. 437-457. 

An intereedng article that aezuoines the optimal c o n trol modd. of the human operator, 
in particular, operz^tor-dl^^play interface and human operator InfonnatLcn processing. 

A simulation task was ua^, %iith the results being compared to model results. 

Beson, S«, C. Feehrer 6 R. Muralidharan, An Appraich to Modeling SuperviscEy Control of a 
HucIb^ PJ^nt, Bdt Bcrandc and Newman, Ina, Cambddge,MA, NURS6/CD-2988, Nov 1982. 

Thb report describes the results of a stud^ simpA at determining the feasibility of 
allying a suparvisocy co n trol modelling technolcgy to the stuefy of critical 
operator-machine problems in the operation of a nudsar power plant. Brief overviews 
cf alternative approaches to the modelling of human performance, and different 
pecqpectivea on the roles of operators in process con trol activities are indiided. 

Bartlett, M« w. & L. A. Smith, Design of Control and Display Pane^ Uring Computer 
Algorithms, Human Factors, Vol. 15, Ha 1, 1973, pp. 1-7. 

The CRAFT fedliiie»*allocatian algorithm was used to derign an airezafe main 
instrument panel Tha results aiggest that this is a feasible activity for control 
and display panel design. It is an interesting idea, but needs further work as this 
expexliiknt was not very rigerouo. 

Behan, R« A, & H. M. Wcs>dhau9en, Soma NASA Contriburiens to Human Factoa Br^eering: A 
Survey, U.S. Govemmeitt Printing Ofrice, Wesshington, D.C., 1973. 

This short paperbadc text reports some NASA contributions to human factoza engineering 
the authors felt were applicable outside of their ockpnal aerospace aetrix^ga The 
oontrihutigis included cover the cireas of measurement of physLoIogical parameters, 
display techiaques, underwater work, vibration and impact research, vision testing, 
and tocOs. It is not intended to be a oompcehenslve volume, but rather a review of 
several possibly helpful stiriles. 

B^ B. J. & A. D. Swain, A Pzxxredure for Conducting a Human Reliability Anol^is for 
Nuclear Power Pla, Sandia N«£tional Labs, NOREG/CR-2254, Dec 1981. 

The report presents an orerview of a procedure for conducting a human reliability 
analysis as part of a pcobabilistic risk assessment. In addition, detailed 
desadpticn cf each st^ and an example of an actual analysis is inckded. 
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pAw-ra/v^M, n, A Qualitative Opanrtar-ProceflB inteiacticn Model, U.S. Nuclear Regulatory 
CommiaaioQ, Waehington, D«C»# 19dl« 

A Acxt paper (10 p^ea) outlining a ncsdcl c£ the interactions tetween the cpexator 
and nuclear plant procsaaL A specific design cxncem dis awB^ is tha ccntn^-di^iLay 
intetaction for abnonnal nodes of infocination. Dj^ilay design cxsncep 
ts foe ^hnQgna l stuations ace developacL 

Bdtiacchi, L., Trip Rqxsrt Memo to V.A. Moocb, D.S. Nuclear Regulatory Commiasicn, 
Hashingten, D.C., May 1S82. 

This top iTpr-rt- contains viswgtapte for the talk "Potential Computer Based Functional 
Aiia fee Powerplant Oporatcr" in which vacioua schemas fee ooatoal room ojwrator 
aipport azQ prenantgA 

Bergeron^ H. P.r Single Pilot 3FR Autcpdlot Conplfijdty/D^siafit T rade n fic Study, iJcurnal of 
Ateraft, AIAA80-1869R, Vo2. 18, Na 9, Sep 1981, pp, T05-6, 

This euticla is a aunmary c£ several expeamenta designed to evaluate the e ffes - ^ ta o£ 
increcsing levels cf automatic fix autx^alota in tha ccckp^ The rcailts 
that sLmpla k^w-oost partially autenated autc^alots may provide aiffiaei^ benefits to 
jiBtify its use, but that a completely automated autopilot may te undcdcabla or 
In oompletafy automated au b^&I ct experiments, pilot performance 

found to be degraded. 

Breton, H. P., "General Aviatica S i ng la Pilot IPR Autopilot Study* , NASA Aianglsy, 
Hampton, VA, NASA CP2170, Nor 1980. 

This te^inical rgp^ r summarizes czxperiments conducted at NASA**Langlfiy examining 
AuarahV» 3e^7els of automatiaa fiar autopilota^ The experiments suggested that some 
^vel of automaticn is useful in a high voz5c environment, tut that there are soma 
disturbing trends eassociated with high level automatLon found in ^ate cf tha art 
autopilots 

Bergman, T., Health Protection for Operatop of VOTa^CRTs NYCCSH VOTAiORK GROUP, 
NYCOSH, New York, NY, 1980. 

A pamphlet describing the visual prtiilems and health hazards asBcda'xd with weridng 
with VDTs: eye strain, glare, contr a st glare, tha "flicker effect", screen and 
character size and color, machine maintenance , eyeglat^ea and ocntact lenses, 
pasture, exerciae programs, and streos. It ma lc e s several aiggestions foe 
controlling these hazards^ 
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BtesgTy T. « J. D, Fc2ey, Towards Specifying 6 Evaluating the Human Factois of 
Dser^omputer Ihtarfaces, Geocge Washington Itst. for mfa Sdenca a Technology, 
Washington, DC, GW(HI5T-81-22, Aug 1981. 

This is a b rief p ap e r details the development cf a gpedficatinn language to deroribe 
the human factors aspects of an interface. Thb specification language is intended to 
be consistent with the Foley methodology which examinee the user interface at the 
ocnc^tual^ semantic, aynta<^ and lexical Isvcb (FciZey, 1981; Bleaer, Clm, and 
Chu, 19811 

Bleaer, T., p. Chan 6 M. Cho, A Critique of the SESDIS User mteafacs, Goosge Washington 0., 
Inst, far Znfa fkience and Tech., Weehingtcn, DC, GWtH15T-Qm)4, Mar 1981. 

This report deacribpfl the evaluarico and critique of the user intoifaoe of the SEEOIS 
6ocio*Eoonoimc Environmental Demographic Information System) uang the Foiley design 
me^xsdology (Foley 1981). This top-down ^dgn methodology wees used to examine the 
oonceptual, semantic, systactic, and lexical lev^ of SEEICS. It is an excellent 
caae study cf the at^lirmtion ^ this sethodblcgy. 

Bloomfield, J. R. & J. A. Mcdrirk, "CognitLvo Proceeaes in Visual Search”, Proceedings « 

6th CengresB of the inter; Ergonomics Aesoc., Jul 1976, pp. 204-209. 

This artdcla suggests three psoceeasa for visual search; oeganijatim, variable field 
of view, md congratulation. The authess list several implfjoations for human 
information processing. 

Boehm-Davis, D. A*, R« E. Cuiry & Z L> Wbner, Human Factccs of FUght-Dodc Automation — 
MASA/Dndustzy Wcetehop, NASA/Ames R (Search CenteTr Moffett P^ld,CA, NASA TM81260, Jan 
1981. 

This teduiical report is a summary of a NASA-industxy w oiteh o p held to identify human 
factora issues related to Qightedsdc automatian which are lUcely to require further 
reaearch for resolution* The scope of automation, the benefits of automation and 
automation*ffKluced problems were dLsomed and a Ust of poterttial research topics was 
generated. Although the subject was flight deck automation, the remits are very 
^teresting and probably generalize to many commazal and control envizonmenta. 

Bourne, L. £., Bw R. Etetxand & R. Dofflinowski^ The r^chology cf Thinking, Pxentice*HaIl, 
Englewood CliffstU, 1971. 

A useful text cevenng the te^dcs of problem solving, verbal learning, concept 
fannaticn, and language, faom a oognitr^e psychology viewpeint; Expedmental evidence 
is presented to axpport theory where available. 

Bra naf b r d, j: R., Human Cognition, Learning, Understending and Remembering, Wadsworth 
PvblLshing Ca, Belmont. CA, 1979. 

This text provides an exceHent overview of the of cognitive psychology and 

humaui memory. It surveys several information processing models az^ offers existing 
evidence fer each theory. 
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Bidwiv R. C. R. Pebaxacn 6 H. H. Shswcrcai, Dedsion Analysis on Elkment in an 
Oporational Dedsicn Aiding System CD, OfSce c£ Naval Research/ Dedaions & Daaigis^ Inc,* 
McLean VA, NTlSft ADAQ18109, Nov 1975« 

Rcfxscts ax continuing dednicn analytic icsaatch and tha initial development a? 
aevexal prototype decuricn eiids for tho tactical sippoic cf naval task force 
oommandenu Focus is ax the potential caitzlbation cf ^tdv^lncGdi techniquoa of decision 
analysis as decision aids in the development of operational plans and as an action 
aekcticn tod in tha misacn ecoacution phase of task force operationa, Nine aids veie 
developed to varying degrees and tsstod for uoa on intaractive comptter graphics 
tBiminalsL 

Bxotm, J* Si, R. Burton & M. MUkr, Staps Toward a Thsocetical Foundaticn for Complex 
Knowledge-Eased CAi; ARI & NPRDC« Bdt Beran^ 6 Newman^ Inc^ Canbrldggy MA, 3135, Aug 
1975. 

Describss nacaarch directed at designing and evaluating instxuctioRal systems which 
are ahk to uoa th&ir knowledge to mimic soma of the capabilidea of a gtxxi Uitoc 
Thaos capabilities include ccnotruct os: infsrwtxuctural models of a student's 
masoning stratogieSv and identify his undoiiying misccnceptioruk Oescribcss two 
parartigiaatic ingtructioml systems baDt around* a decision making and gsuaing 
environme!)t, issuas of building intelligent iigCructional systems, and designing 
robust intolligeot systams 

Buckler, A. T«, A Rezview of the Literature on tha Legibility of Alphanusttrics cn Elsctconic 
0, O.S.Army Buman Engineering La2x, Abaxdosn, MD, E?ns# ADA 040625, May 1977. 

This document b a bziof (8 psgea) xeviaw of salocted highlights %dth a 56 item 
hibUngraphy. Feints touchad upon: genoratlQn tschniquos, font, cymbal subtense, 
resolution, percent active SL'ea, oon tr ast , symbol widt^ to hsight, stzoke width to 
height, symbol spacing, \de%dng angle, sixo cf aymbols ddsplayed at odge of screen, 
and symbol coloc 

CSC, Report of tha Goal-Setting Wesdeshep for the 1981 Computer Sdences Summer Stu, 
MASA/GSFC, Leedburg, VA, JUn 1981. 

A preliminary report s ug gestix^g several bco&l study goals in reference to NASA. They 
implex identLfyii^ ttKee NASA cperatLcns whaie computer-based information tschniquss 
and systecui would, in the view of NASA management, filfill the moot critical sat of 
currently unsatisfied needs, develop a plan foe incorporating computer networks into 
those NASA epetations most bkaly to benefit, and fonnulata the charter for a nasearch 
and service NASA Computar Sdance and Tectoology Organixation. 

CTA, Progress Rcpcrt-lC4 System Dodgn Study, NASA/GSFC, Gxsenbelt, MD, NAS5-26689, Jan 
1981. 

Included in this summary pc o g ro a s report fiom Computer Technology Aaiociatas is a 
review of Data S^'stem Nodcrization documentaticn, a completed, documented anal^*sb of 
Solar Maximum MissicnCSMM) eperationsv and a deecriptLon cf the User Computer 
Interactive Demonstration System. 
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Cakir, Kt D. J. Hart & Z F, M. Stewart, Visual Duplay Ten&inals, John Wiley & Scna^ New 
York, NY, 1980. 

Thin book is a manual cf design guiielinos and user oonddarationn fac video dL^lay 
tarminals (VDT) and VDT tiiockplacaa. It reflects the most current standards 
in Europe. 

Carbonen, J. R», On Mon-Computer intersxrtion: A Hodd & Seme Related Dsiiea^ IEEE Trans 
cn Sys, Science 6 Cyber, Vol. SSC-5, Na 1, Jan 1969, pp^ 16. 

A datsd yet helpful literature airvey focusing ofi man-oomputer intaraction. The 
duthoca present ai-aine interaction Gcom sat information processing and d sda c n 
anal^sds pednt of view where the operator seeks to miniidze CK^erall oasts. Both 
applied and dieoretical implicatlcns are inclrided. 

Cazbonell, J. R., Artificial intelligence B Large interactive Han Computer Systems, OMR, 

Rnit Beranek & Newman, me., Cambridge, HA, VeSL SSC-5, tkx 1, Jul 1969, pp. 16. 

A report or SCHOLAR, an early pcDto<^ system oapable of a true mtod-jriitiative 

man-oomputsr dLalogue on a given 

Card, S. K., W. R. English 6 B. J. Bucr, Evaluation of Mouse, Rate-ControILod Ibooetric 
Joysdck,Stsp Kcy3,& Tact Keys, Ergonomics, VoL 21, Na 8, 1978, pp. 601-13. 

Four dedcea are evaluated with rsspect to how rapidly thsy can be ussd to sdect text 
on a CRT scresn. Tha mouse is found to ha faster on aH oounta and c2so to have the 
lowest error mtea. It is shovm that variations in podtionii^g time with the joys^ 
ick and mouse are &ocouz;ted fcac by Fitt*s Law. m tha case of tte mouse, the meeaired 
Fitt's Law dope constant is to that found in ottier eye*tond tasks l^edlng to 
the ocnclusion that portioning time with this device is almost the minimal. 

Chapanis, A., On TIjs Allocation of Functiais Between Men and Machinefir Occupational 
psychology, NTIS AD6263I1, VoL 39, Na 1, Jan 1965, pp. 1-11. 

General guidelines or consideratiora for the man-machins interface make this 
document. It is a helpful pdcce, includiiig issues easily forgott e n when denning 
^sterna. The author utilizes a behavioral approach for aHocaticn of functions, and 
recommends a strategy for making allocation dadsiona 

Chapanis, A., Man-Machine Engineering, Wadsworth Publishing Ca, me., Belmont, CA, 1965. 

This is a classic text by a "lion" cf the field; it pnovidea an caccellcr.t introducticn 
for human factcis engin^ring and human factors psychology. Topkn ncluds: 
discussion of the pgdtion c£ the human in man-machine systems, visual presentation of 
informatim, speech communication, and the design of controls. 
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Cte^ R. E., •CcSas Rcasarch for vfeual Pnjoaedings - 18tii Annual hfs 

Ccnfetence, Oct 1974. 

Tl® Btera ti i re (1952-1973) oo the g£fe<;ta of cdlcr od visu^ ssaccb and 

Identification is zsviewed. Quantitative analysis of tha ezperiniental rtwiTt-a 
"®catad that coiloc may be a very effective peufonnance under some conditions, 

hit that it can be detrimental under otbesa. A guide fior d^n Avriflii-mA is provided 
and needs for further leeearch are 

Chi, y, y. 6 H. B. Rose, Adspdve allocation of maldng between 

himan & oompate, IEEE Trans Syst Hen Casern, vd. SMC-9, Ka 12, Dec 1979, pp. 769-770. 

A very interesting pei^»ctlve fioc allocating decision making respomibilities between 
himans and oomputeia in mu M t ffi c situationa; based on tha cutrwt wozhioad d£ both 
components in the intetfeoa. The resulting dst±dan support system wodU be an 
adaptive cno allowing for ophmal intetiEace piarfocmance. 

CicchineDi, P. & A. & Lsnts, The EUninatian of Dzelsvant mfoernation in a 
MultidiiDensional Stimulus clas, Huaum Pactozs, vd. 20, 5a 1, 1978, pp. 75-02. 

Reports esvidence for the facilitation of accurate dsdsion making due to subjects 
filtering of vsaial CRT di^y infoaaatlon. Tha study impUea humans can diminate 
ancu n ts of infecaaticn mechanically without roduciiig oiAmifirwrim accuracy, by 
pjopar training. The raithois suggest their methodolxsgy be fiar providing 
oiTjectiva measures of information in dassification tasks, to oeamine individual 
diff esgicea in fieabire analysis and twr training p w 'n ' mi imaia 

C^PPf J- A. 6 M. Hazle, Building Blocks fisc C3 Systems^ Air Fccoe Systems Command. MXTRB. 
Bedford MA, NTB# ADA052568, Mar 1978. ^ 

Asoeees the fpafdh Oi^ of constructing the kifacQatLcn processing compone n t s cf C3 
qfstems firem reusable building bloda. The cbjective is to reduce the Hm,», ana 
risk cf acquiring aid modi^^ C3 computer ^sterns. Three kinds of building Mocks 
Identdfiedj requiremenMi, design, end software. A data flow architecture is 
{sopesad as a framewodc for ^petitioning a system into fiinctional components with 
flpxihil i ty bo adapt to changing requirements and different caifiguratiaia. 

CddTjqa Oig, Dcn't Sit Too Close tc tie TV, VDTs/CRTs and Rsdiaticn, CcM Type Otganirinq 
Committee, Bronx, NY, Sep 1980. ^ ^ 

Tliis document package consists cf a pamphlet and several loose amtides pertaining to 
ladiatlcn and use of VDTs, VDT radiation is seen as a health hazard, with the authcc 
«Hii^ for more ngorous governmental standards and the tcchnoIoqY to build 
ion nee terminals. 
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Cdlquhoun, W* & j* Rutenfcan*, Ed„ Studies of ShiftwoijC, Taylor & Fiancdc, Lti, Loidon, 
X980« 

This is a lat^e oollectica (thirty nine) of articles relating to the ergonomics of 
fihiftwork. It is ccganized into aactions psrtaining to adaptation, 

i^vidual and environi^ fiactors in adjstment, effects on performance effidancy, 
eff i ed a <p and f amil y life, f£fec ts on health and wcR being, the design of 

diift systems and the <ic\w?giifgi of shiftwodc* A oomplotQ and unious volume; it 
contains European as well as Amesican worio 

Conrad, R., Shert-tana Memory Factor in tte Design of Data-Entxy Re^:x>ard 3 : An IWaiface, 
J. of Applied psychology, Vci. 50, No. 5, Oct 1966, ppi 553-556* 

The ex p eri m e n tal results of a data eitry taric using two keyboards (cm having high 
^ulus-rasponsa corapatihility, the other low), iodicata an interface between 
diort-term memory and sttoulus-ce ^ acnse compa^b£Lity, The H ty channel 
model for information proceosing is supported. 

Coo mhv M. J, a J. Ito Alty, Ed., Comp u ting S)dll3 and the Osar Intnrfrice, Academic Press, 
Hew Ycdc, NY, 1981. 

A aelfiction of pcpeis around tt» Moa that interfaces bctweai a computational cysteza 
and a user ^Kuld be daaigned to accomodate the level of computatiooal skin that the 
user brings to the intoracrion. Tha first group of pipes discc^^ss the issues 
involved in providing facilities for "niave" Tlxi oucond dsfJs with the 

nature of oompataticnal sJdRs and tocliniquos of inr 'oavrrtion. Tha thkd group locks at 
philcsophies for interface dafi i g n and practical desirm woiic to improve user 
interfaces. 


Cooper, R, G*, P. T. Maxsten a j. Diratatt, A Human**F actors Casa Study on the IBM 

Personal Computer, BYTE, Apr 1982, pp. 56-72. 

Human factors experts evaluate the IBM computer regarding keyfaoard/3ocu mentation, and 
fijacdcnal o per a t io n . Xr fllintrates the general procedure of appl^dng human foctcas 
pind plfi s when deodir^ which p eiao n al oompoter fits ore's oeeda No ta 

acs are evaluated. 

Coe, J. T., Disturbance n'sti'icticn Applied to the Spece Shuttle, NASA/JSC, Houston, TX, 1982. 

This paper pcovid/js a b rief description of the p g nnffa B used the tey concepts 
developed to aippxa r. disturbance detection in qpace flight operaticna, Tha xxiclear 
industry's DiJtaiban<>if Analysis Surveillance system is discus^ with re^ject to its 
nalativa role in tho 5paoe program and some suggeeriona for its implementation are 


I 


272 


J 


original page 13 
Qjr POOR QUALITY. 


Ctaig, A., Monitoring to Ona Kind of Slgial In ttw Pasaenco o£ Anothars Tho EfEecta of. 

Human FactctB, VoL 23, Not 2, 1981, 191-197. 

A visual v^Dance task vaa uGsd to Invearigata tiha effoctn <£ signal mix cn 
detectahllily. The reailta suggest that sigtal datoctebillSy impaired by tho 
nraaenca c£ another kind cf signal, with tha impairment tending to ba greater the 
bwer tha datectabillly of the signal ccnsidarad cn its own. 

Cia%ffotd, D. M., D. A, Topmillar fc G. A. Kuck, Mm-Machina ^n Ccnai^rai^ in 
SftoDita Data Miftageraent, A.F.SyBtema Command, Aecospace Medical Reaoan* Lan, 
Mright-PatbcEBon, NT3SC ADA 041287, Ape 1977. 

Thia repcfft caitains an introduction to h«ioan intomation pnocar^ theory ^ 

ImpUcatLcns to mteHita data management, a oectioo addiaarin g^ rrw 

CBta^joshipa and dedsm aiding techniquaa, and aome conceptual daoign guadallnsa to 
the Satellite Data Managomecit devaJopsd by AURL> 

Cawtod, a M., W. H. Peaoon 6 R. P. Badcart, C^put^B ^ 

System Iferign, A.P.Systems Command, Aerospace Medical RMsarch Lab., Wrighb-PatAPB, OH, 
TB#Aa-48374, 1981. 

Tha Human Bigineering Division of the Air Pare Aerospace Medical Resea rch L atKcatcey 

has toed man-in-tee-kjop rimulatlcns to Invaodgata haxaan fectoa paoblama p^d cy 

man-computer interactions in propcead weapon tystem ccnce^ po commard and ccotro 
1 experimenta and ono codspdt design ©cperiment ass oimmcriaed in this article. 

cawtod, A. M. 6 K. S. Cawford, Simulation of Opaational Equb»«t with a Cooputor^aaed 
XnstxuctLonal Systa, Human Pactca, VdL 20, Noi 2, 1978, p^ 215-224. 

This articlfl Inveatigatod tha feasdhmty and effoctivenasi of taaching patomanCT 
OdUs using computei>te»d training. It provldca »me to tea 

^fiectivenoa of computer-beaad training that can be applied to the uaa cf atmulatosa 
in command and oontzol enviro n mo n ta. 

curry, R. a, D. L. Klalnman & M. C. Hcffman, A Derign procedure to CcntroVDisplcy Systems, 
Human FactoOf VoL 19# Hci 5# 1977# 421-35. 

This artlcto ptopooM a design procedure to control and display 
Kudysia tool is tha Optimal Ctmtrol Modal cf tho Human 0{srato ^ 

at 3 levels: infonnatto, dlsplay-dement, dispUy-fcrmat. The * 

human wffl. mimic a gorf Inanimate ccntrollflt. Theratoe, it is ussd a^ tomewerit 
for deslqn. It id also an excellent faredlctor of performance. Rcailfcs tow tno ^ 
informatta level a good method of quantifying human requlrementa of the ccxitrol taaJc. 
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Curtis, B., Ed, Tutxoal: Human Factois in Scftwara Devel^^ent, IEEE Computer Sodatv 
Pxsas, New Ycdc, NY, 198L 

A iargo collection of 51 pepeis applying cognitive agcnonica, cognitive psychology, 
peycholinguistica^ »d industrial or oegaa'zadona]. poychcOcgy to ttio study of 
aoftweune development. These papexs ace \opically euxanged by: models of problem 
solving in pcogramming; software langu23ge characteristLcs; spedficaticn formatav 
faults and dsfcxigging; teeun performance^ appraising individual programmer diffierencoBf 
and methodological guidance. 

Dainoff, M. J., A. H«pp & P. Ciane, Visual Fatigue & Occupational Straa In VDT Operators, 
Human Factocs, VoL 23, Na 4, Aug 1981, pp. 421-438. 

Ih this study, 121 office woriceiB wtosa jobe required use c£ VDTs for varying 
jropactiai of their workdays wore interviawQd to determine the a tti tu da s to their work 
and toward office automation. A mibeet was examined for cne week during which time 
opbometric and mood/^physical messurements were taken. Results incdcatad high Isvels 
of eye fatigv^, cs well as complaints regarding glare and lighting. The psbbem of 
complaints wao independsnt of job pce^ure and hcntility toward office automation. 

Danaher, J. W., Human Error in ATC System Operations, Human Factors, VcL 22, Na 5, Oci 
1980, ppt 535-546. 

Several ATC-related rurcraft accidents are summarized to iQuotmte tha ocntroHar*a 
changing and tha manner in which tha contiollar Interacts with pilcfa^ ctiier 
controllers, aid the work environment. Ttesa cssm also cite exemplary parformance, as 
well as mistakes, by pilots ruid and the circumstances which fostered 

them, to OliBtrata tha strengths and wealcnsoees of the human element in the pBreeant 
system. Implications for future ATC system design are discussed. 

DeGreene, K. a, EdU Systems psychology, McGraw-HHl^ Ino, New Ycck NY, 1970. 

Excellent collection c£ integrated papers. Authors in c lude Chapemis, Sadcman, 

Alluisi. Topics: systems 2 uid psychology; systems engineering; systems analysis 
techniqusfl; eccidenta a rafety; systems test 6 evaluation; information & uncertainty; 
tfrimarion of workk>ad in complex systems; behavioral dedsicn theory; human operator 
in control sfystems; man-oomputer intexrelaticnships; maintainability; faffing; 
training; psychophysiological stress; modvation ^lnd job performance factoxs; and 
appUcationa 

DcMaio, J., S. R. Paridnscn 6 J. V. Cro^, A Reesction Time Analysis of Brntrument Scanning, 
Hunum Factors, Vd. 20, Na 4, 1978, pp. 467-471. 

A xe^M;ticn time task, instrument scanning, was used to compare performance of student 
and instructor pQots. The results indicate that experienced pilrts rely cn 
peripheral vision to a greater extent than inexperienced ones, suggesting the ^vura l le l 
pODceoEsing of infonnation due to experience. 
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}eL Doc* Ce, Vm of Computexs in Hunan Factoss Engineering^ Defence Docunentation Center, 
ras# AD/A-OOUOO, Nev 1974. 

The contents c£ this 2 Sinotated bdhHogtaphy cover documents pertinent to the 
application c£ techniques for computer l^indlix^ c£ human factoxs data. The 173 it e ms 
were drawn from the Defense Documentation Center^s data bank covering the time ppri o d 
of January 1953 tiuxugh August 1974. 

y# . Dec. Man-Machine Interactional Defense Dccumentsticn Center, NTIS# AD-752800, Hev 

1978. 

This 2 u:inotated bdbHogzaphy oendsts of 192 references pertaining to man-machina 
interaction. The were drawn from the Defense Dccumentatian Cs^ter^s data bank 

OGvedng the Hmj» pedod of January 1953 throi^ August 1972. The litcEature concerns 
human involved in solving and learning man-machine int3emctiGn3^ as well es 

the effective use of men in cystem design. 

Demb, A., Computer Systems for Human Systems^ Porgaaon Pres, Oirfoed, 1979. 

k This is a cmq study of the ocoversicn of decentralized oomputatlon to 
r centralized services in a 10 -< 2 unpu 8 state college system. 

3ept*of Def., Hucum Engineering Requirements for Military Systems^ Military. SpecLfzcatiqn, 
Department of Defense, Washingten, D.C., H1L-H-46855B, Jan 1979. 

This doaiaent estahlishsa and <^flnea tha requirements for applying human engineering 
to the development and aoqu^iticn of military systems, equipment and fecOitieaL It 
fionns the ixsid for including human engineering in all phasss of design is appe 
oved for urw by all Departxzients and Agencies of the Dcpsuteient of Defense. Tcpics 
ooveitsd include: sfystem analysis, tesk ana^cis^ system design, equipment ^srd 
facilities de^n, testing, and dcxrumentaticn and reporting. 

Deptef Daf., Huxean Engineering Deeign Criteria far Military Sytems, Equ^ment and F ndl lti, 
Department of Defense, Hashingtm, D.C., MIL-6TD-1472C, May 1981. 

This is ths most recent military design guideline document that provides crite zi a for 
the design of any military facility. It repreaents state-cf-the-art hunvan factors for 
the Departix^t of Defense. Areas addreosed indudes fenction aHocadcn, fell safe 
design, visual dfsplay requirements, ccntzol ax^ ground workspace requirements, 
maintenance and pcrscnnel-computer interface gtiidelinoBL 

Dept.Gf Def., Data Item Deseziptden, Human Engineering Design Approach Documant-Madhtainer, 
OLS. Govemcesnt Printing OfBi^ Wsshington, D.C., DI-H-7057, Jm 1979. 

A short docum^t that provides design guideline consideratiens for the maintainer of a 
ayefcem. Per further InfomatLon the reader is directed to MXL-H-46855B and 
MIL-STD-1472C. 
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Depb.Gf Def., Data ItBm Desadption, Buzsan Engineering Des^n Approach DccuQent^Operatar, 
as. Go^remment Printing Office, Washington, D*C., DI-H-7056, Jun 1979. 

A ctozt docanent that pcovideo some guideline considetations for evaluation of 
man-machine interfacesL It contains iztany items that sue addiEaoed in i{2IHi^S855B and 
MIL-6TO*1472C, and the reader is directed to these documents far an in d^pth treatment 
cf the aib^act matter. 

Diffident, NL, A. R. TiDey & J. C. Becdagi^, Huxaanocale 1/2/3, 4/5/6, 7/Ei/9, The MIT PteE^ 
Cambtidge MA, I981. 

A sat of heavy plai^ card3 with data dials and accompanying explanatory brochures. 

E2x:h fiumanacale card is concerned with a different facet of human fi:tctosa data. They 
includes body measurements; link nearurements; seating guide; soEt/tsbUo guide; 
wheelchair users; handicapped and ddzdyj safety; human strength? tend & foot 
contzbls; displays; be^ld & vition; hazxis 6 feet; standing at %?ork; eocted at work; 
q>ac3 planning; public space; body access; airi light and odne A marvelous, compact 
i^erenoe. 

Drury, C. G. & R« Clement, The Bffixt of Area, Den^ty, 6 Humber of Background 
ChoracteiB cn V^oal Soar, Human Factors, VoL 20, Na 5, 1978, ppw 597«602. 

Azsa of search field, density of background diareurtexs, and number cf badeground 
characters were contzollsd in a search task experiment to determine which required tha 
longest search time. The results showed that search txjza was meet dependent gq number 
of background charactera. 

Durdlng, El M«, C. A. Bockar & J. D. Gould, Deta Organization, Human Factors, VoL 19, Na 1, 
1977, PPL 1-14. 

A series of throe qeperiroents exaioiring human data organization. The icsultB indicata 
that the subjects ted easting ocganizationsl structure could organize according to 
semantic structure, and had diffiCT^ii=?i inappropdats stn^cturtsa Ixspuicati 
ons for computer-bosed infonnaticn retrieval systems are given. 

Durrett, J. a J. Tzezona, How To Oas Color Effectively, BYTE, Apr 1902, pp^ 50-3L 

A brief but effective review of the ores of color in CRT displa]^ The visual pcoc eg a 
for color is reviewed, some guidelines for the use of color ete given, the make-up cf 
color is examined, and some information processing considerations are suggested. 

Ehrenreich, S. a. Query Language: Dceagn Recomzaendationa Derived finom the Human Factors 

Litem, Human Factos, VoL 23, Na 6, 1981, ppu 709-725. 

Tha human factozs literatizre dealing with query languages is reviewed thoroughly. 

Both natural and formed query languages are discussed, rnd VDT software design 
guidelines are aiggested. This is a very infeonativa and oompleta paper; 
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Binhcxn, B. J. & R. M. Hogzurth, Behavioral Cedsicn Theorvt Psxesss of Judlgsment and 
Chdce, Annual Review of p^chology, Vc2. 32, 1981, pp. 53-68. 

An esetensive review of behavioral dedsicn theory. Optimal dedaicn models. 

Strategies and moctusnisms of judgement end chdce, end le 2 urTung/£esdbadc are <^>ifnaaw^ 
fiiom a theoretical viewpoint. Methodological concerns were also addreaned. 

Bmbeey, D., "Human Reliabiliey in Xndustcial Systems: An Overviaw", proceedings - 6th 
Cengxess of Infeac Ezgonooks Aooc., jul 1976, pp. 12-16. 

The field c£ human reliability is reviewed. The nature of system reliability 
assessment is dssefibed, end the impcctcncs of corddsting human reliability is 
emphasized. Human error, and tsciuiiquss for its quantitativa assessment are also 
dbKTUsssd* 

Engel, S* HI 6 R« & Gianda, Guilslix^ for Han/U^play IntecfacGn, IBM Pcughjcespsia 
Laboratory, Poughk^|3Si3,Ky, TR 00.2720, Dec 1975. 

ThEa hard to find daasic in the teimsn foctosa field centaina a wealth of guideline 
inforraatfon pertaining to oan/oachine interfaces It adtecsen the foillowing issuess 
display fonnata, fosune confont, commeuKi languegs, rocovexy pcooedur^, user entzy 
techniqv:^ pdndples, es)d reiponoe time. The reix^rt is hdghly recomiaendad to these 
inteiBstad in the ai^dic/aitcn huzooui factocnj 

EnstzoQ, K« D. & K. Bb Reuse, Real tixne determinatfon of how a huxoan has aRocated his 
attention between oo, lEEB Tzzins Man Cybom, VoL SMC*7, tkx 3, Her 1977, pp. 153-161. 

This experiicent provides an intereddng application cf a ooxaputer algonthm for task 
aOocati^ The algodthm used foding-xsejnery system identificaticn and linear 
diacriininant analysis for roal-tioa dat^rtlcn of human shifts in attention in a oontol 
and mcsiitcaing situation. A validation of the model is induded, suggesting it may be 
situation specafic. 

Rddcacn, J. R. £ H. R« Jenes^ Thinking, Annual Review of Psychalogy, VoL 29, 1978, 
pp. 61-90. 

An extensive theoretical overview of problem solving, ocncept learning, and reasoning 
foom a p^chological perspective. An excellent bibliography is induded. 

Estes, W. K«, Is Human Memory Obsolete?, American Scientist, Vd« 68, Jan 1980, ppc 62-9. 

A comparison is made between human memory and computer memccy in this interesting 
article. Human retrieval times, organization of short term memory, and the natore of 
forgetting are exanuned. The 2 Buthor condudea that there is little likelihood of 
computer memory replacing human memocyr cr vice-versa, os both appear to have asperate 
functioi^ they are b^ aiiteri tzx The article is written from a psychQlogical 
perspective. 
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FcndU R* J. 6 J. M. Booths Design HmSbcck for Imagery IntczpECStatlGn Equipment, Boeing 
Aaxgpa c e Ca, Seated, WA^ 0180-19063-1, Doc 1975. 

Thb document is a weighty oollocticn cf ds^n guidelinefl^ a heavy emphs:^ cn 
visual con^deradons, Tcpics include; optical image^ di^^p^ys, cloctzon^pdcal 
imagery diepOaya, gpecial imagery wozkst^tian ds^n, and das^n. 

A helpful secticn compdaad of checklists pertaining to gp?rific displays is also 
indudodL 

Pine, EL J. & J. U Kchdek, BfQects of Altitude 6 B^it cn Complex Cognitive TasksL Human 
PactocB, VcL 20, Na 1, 1978, ppu 115-122. 

The affects of aWdide and boat cn complaK cognitive tasks uere tsstad using an 
artillery £Lce direction center operation. The results indicated that all tasks were 
affected by altitaxii and heat with individual differences. Bxrtzs of omisden 
exceeded thcce of commission. Ths authoo suggest their teduoqus tor analyzing 
stzeaEHoene&tive fact o ca in oomplex cognitive performance. 

Finkelman, j. H. 6 C. Kirachnar, An Ihformaticn pnxgfidng Bxterpretatian c£ Air Traffic 
Control Strtass, Human F a ctorsL Vd 22, Na 5, Oct 1900, ppi 561-568. 

Obeerves evidence of stress in ATC*a Siaggssts that a source may bs the high 
AiformatLon-pPosgang demand which the job impooaa proposes a method to ccsssb 
individual diSerences in channel capacity by means of a sohetdiary task meaaxrament 
technique. This p rocedure con be to os^ss reserve capacity which may permit 
pjRdicricn of p^dbrmanoe decrements on stxeee-selatad discidgrB among ixxilviduala. 

Pinlayson, F. C«, 7, A. Hussman 6 K. R. Smith, Human Engineering of Nudear Po%rer Plant 
CentzoL Rooms & Its Effects on Opera, The Aesccpace Carpi, El Segundo, CA, ATR-77(2315)-1, 
P^ 1977. 

Presents the reaita of an evaluation cf the effe c T ts of liuman engineering cn opexTitor 
performance in the control room. Covers control room <^sgn featureflL perametexs 
influgneing operator performance, control room design ctitexLii and trench in 
development of advanced control centers, operator moden requirements in a control 
room, evaluation of the human engineering features of nuclear and nno-miclear control 
canters, and conclusiGns regarding operator characteiisdcfiL job performance, and 
control design. 

Finley, D. U, F. A- MudUar & C. A. Gainer, An Analysis and Evaluation Methodology fcac 
Command and Control, Office of Naval Reaearch, Manned Systems ScdenceG, Inc., Nccthridge CA, 
NTES# A da-23871, Nov 1975. 

Discuoses problems in assessing the status, potentials, and weaknesses of operational 
manned ^^stems and cf dealing analytically with that variance in system behavior 
attributable to its human members. Offers a methodological framework for dealing with 
C6C 28 an integral part of systema Ccncepts of the methodology include; C&C 
definitions and taxonomies, a Systems Taxonomy Model, systems dparriptnrs, the use cf 
operator models, and analytic decision making. 
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Ffelc, A. 0. & ff. Sdinaider, Ccntzol & Aubo a atic Psxzessing Dccdng Tasks Reguixlng Sistained 
Attention: A, Huiaan PesctoES, VcL 23, Ha 6, 1S81, pp. 737-750. 

VigUanca tsska, and tho t ca x lt i n g daczements in pcz&saieuica wcso esamined within the 
firanewoxk c£ the siito n a ttc/ cxsnti anr d infdmatLon pro^ssing modeL Tha iBauIts 
include system design implicatiGnaL 

PcUsyf J« 0* 6 A* Van Dam^ Fundamentals of mtecactlve GzzmhicsL AddisoQ-*WeBfley pi^slinhinci 
Cofflpemy, Reading, MA, 1932. 

PiBsents grap h ics cxr^cqpts end recent advencES in gp^ phlffn hardw 2 se and Goft:w 2 u:e. A 
coapIetB graphics application psc gram is dsvelppad in Pcscal, using tho Cere Systen <£ 
rta n d a t d graphics aobeoutinea pcopccad by ACH's SCGGRAPU. Eephanses haxaan fectacsL 
treatment of ocSor thaosy and pcsctico as appiiod to computer graphical 
including deseziptLon of color modelX K*ydc < y of graphics; 2D 6 3D 

dipping, aagmentatlca, interaction, device ddvexa^ trans&armaticfi, pojsctioa, etc. 

Pdey, J, D., V. U Wall&ce a ?• Chan, The Human Factoss of Graphic intersctLon Tasks a 
Techniquofl^ Geozge Washington a, Dept, of EE a CS, W^hington, DC, GWlHIST-ai-3, Jan 198L 

A comprehensive xsviaw of oixrent interaction tediniquca a human fartvim 
i per^sactlve. The ergonomic iesues ere presented and gra^^iics interaction tasks end 
tachniguss are defir^d. Several interacticn techniques are gainst the cresy 

of interaction tasks in terns of ocgmtLve, psrosptud, md aostoc load, visual 
and motor acqumition, learning, fatigue, md error; Provides a good review of the 
Bnrited literature avrilah^ 

Pdey, J. a, Toob for the D^ignsrs of Daer mterfecoa^ George Wsahington 0., Itet. for 
Cnfiou Systems a Todindogy, Washingtea, DC, GWlHIST-81-07, Mar 1931. 

This is a p reliminar y report on tlsa development c£ the Fotey methodology for the 
design of a human-<3omputer interface. The methodology attempts to iapooe a structure 
cn the complex task of designing useixaomputer interfaces ao that the design can be 
divided into manageable pieoas^ each which can be dealt with in a systematic, 
rig oroj^ and quantitative way. The four steps in the process are the 

oonceptud, aemantic, syirtactdc, and lexical design steps, 

Powler, P. D., Air Traffic Central Ptobbms; A Pilot's View, Human Factors, Vd. 22, Na 6. 
1980, PPL 645-653. 

A n eodotal evidence is used to identify existmg and potential human eaxyc sources. 
System-induced huxaan errors catz:ed by radar and information pcoceasing limitations, 
inadequeto communicatlcn cnpabilitjcfy end PAA pr>ifrr{#>fi are 

fxench, W. L. 6 C. H. Bdl, Organization DewelcpmentiZni edition), Pcantice-flalL Inc., New 
fexk, NY, 1978. 

This textbook outlines csganization development, its theory and practice, and some key 
considerations and isaiea It is valuable for those interested in management jxactice 
and philosophy. 
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GAO, EffectiveneaB of U.SL Taooes Can Be Increased Ttecugh Improved S^^em Design, General 
Aocounting OfOco, He^^xington, D.C., PSAD-dl-17, Jan 1S81. 

Da tills report to tiie Ccngzes of the United States the Gmeral Aocounting Office 
states that Dapartment of Defi^ies military systems would benefit firom greater 
ooRsideraticn of logi^ aipport, human fiictc^s, and quality asaorance, during the 
design phase of ccquii^csi pcocecaca It r3 suggested that overall 
eff^tiveness to defend the country can be increased implementing these 
considerationQ* 

Gaertner, K« P, 6 R« P, Edlxhaisen, Ccntzolling Air Traffic with a Touch Sensitive Soeen, 
Applied Ezgcnomics^ VoL 11, tla 1, 1980, pp. 17*22. 

Modem air traffic ocntzbl systems are incre^^ingily using computer generated 
displays to present targets, target infermatLon and other ^neial information to 
control persenneL A Isboxatory of a new touch sensitive co nt s o l device in a 
flim\iVited ATC system is daoedhed in some detail together with Bagcnomic 

advantages and design pex^lsma are diacu3sad« 

Gerver, D. a H. W. SimuJeg, Ed«, Language InterpBtation and Ccmmumcaticn, Plenum press, 

New Yodc NY, 1978. 

Papers from tte NATO Symposium on Language mterprotaticn and Communication, S€pt»2S - 
Oct. 1, 1977. The Synpcsium explored both cpplied and theoretical aspects of 
conference interpietadm and of sign language interpretaticn. Thsoe papers, 
particukudy cn the nature c£ simultaneous conference interpretatica and dgn 
language interpretation, are relevant to the design of man-machine iatgrface, 
conce ptunlix i n g ti^ computer-^steffl and iD 2 in-computer communicahLcns prdbilems as 
language interpretation pmobG^ma 

Giinmy, K. L. & & Nomm, "Automatic Disgnesis of Multiplex Alarms for Reactor Control Rooms", 
ANS Annual Meeting, Leo Angeles CA, Jun 1982. 

Describes a system under development at the Savannah River reactor to help 

zeactor opsiatoxs to respond to multiplfi alarms in a developing incident tituatioru 
The system analyzes the patterns of alarms to determine if a known pattern is 
developing, advises the operator, and provides procedural guidance. 

Gould, J. D., Vhual PactozB in the Design of Computer CentroUed CRT Displays, Human 
PactocB, VoL 10, Na 4, 1968, pp. 359“376. 

A somewhat dated report that provides comprehensive ooverzge of the important visual 
vaziahles that determine image quality cn computer-controlled CRT disj^ya. For each 
variable, the recommended ranges cf values based on experimental work are reported, 
and compared with values present^ used cn displays. 


i • 

I 

I 


i 


■'v 




I 




1 


4 


4 


280 




ORIGINAL P i;’ ' 

OF POOR QUAiriy 


Gzandjoan, £. £ EL Viglicni, EdL, Esgonoiiifc As^>ects of Visual Display Teradnals: 

Procegdi n ga of the Intexnatio, Teylor & Fxands, Ltd^ London, 1930« 

The text containj numerous pspcrs on each topics os: charecteristics of VDTs^ 

visual functkr \ visual iinpaiinnentsv VDT pgrfbnganoe, poGtural pcoblaos, 
paychotlogical 2 sspects of VDTs, practical csqseiiencea and case frtayt'efy and ergoiiomic 
de^Q guid^ine^ 

Gzandjsan, Vi, Fitting the TasSc to the Man: An Ergonomic Approach, Taylor & Frandsv Ltzl^ 
London, 1980. 

This text is <^sigaad to preasnt the rudiments of human factcss onginoering or, fix)m 
the Eurc^x^an pocspoctive, ecgonomics in a rimpla and cilear £bna to engineers, 
technical rpeciali^ and managersL Topics ii^Irde discussuxis cf human fsictxxa 
oonsidorati^ fen muoculsr work, norveuo co nt rol of moF/ementa, improving 
efficiency, protloms of body dze, d^agn of ^oriqdaopg, heavy wesk, sklllod work, 
fiitigus, bosBdom, shift work, as well as evironmental Actors and dasign isauea 

Gzignettl, M. C«, D« C. Miller & R. SL Kkiicarson, Informaticn processing Medds & Cemputer 
Aida &r Human per tom anco. Semiannual Technical Report Ha 1, Sectim 2, Task 2: Euman*Co, 
Bolt Bemnek & Hewman, Irr^ Cambddge, HA, BBH 2190, jun 1971. 

Reports on a measuring ^stem implemented to obtain ^tistical parameters nacenaary 
to specify a queueing theory model of the dyiuimic behavior of a time-sharing computer 
iystem. Presents results on the ^txstics cf use for one system. Cencemad with 
agsmon duration, resource loads, and the use of different computational fadlities, 
like Edtom, 

BPS, CRT Viewing Human Factms, VoL 23, Ha 5, Oct 1981« 

This is the second of a two i^oe aeries in the Human Fvtcss jcumzil devoted to 
ergonomic aspects cf video display terminals. Amervg cither excellent articles, there 
is an extensive hibliogtaphy of articles on the effects of VDTa (1972 - 19801 

HFS, "Proceedings of the Human Factoss Society 23ni Annual Meeting", Boston, MA, Human 
Factors Society, Santa Monica, CA, Oct 1979. 


Papexs ^xeaented at this conference were on topics which included: application cf 
computer technolo^ to interactive systems, computer added modeling to interface 
de^n and evaluation, techniquas to anatyzing computer ^rstem interfaces, consumer 
products danfgn, evironmental design, industalal ergcnoiaics, vodc place de^n, 
safety, training, visual pcrform£toe, and graphkn, 

HFS, CRT Viewing 1, Human Factors, VoL 23, Ha 4, Aug 1981. 

Two jgsuca of the Human Factors journal were devoted to eigcnomic consideratLon of 
video display terminals Three of the papers in this issue contain aummanas of the 
HIOSH report examining a number of probOeros with VDTs. Both this issue and the next 
(October 1981) conteun excellent on the ergonomics of VDTa 
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QFS, "ptocGedinqs of the Hunsan FcctoB Sccbty 19th Annual Mcssting", DaHas,TX, Hunaa 
Factom Sodaty, Santa Mcnica, CA, Oct 1975. 

P^>3=3 piJtisnted at this <xsn£jssnsa were en ts^&s whidi iaclrdisds tedning, safety, 
data inputting, lacsiiRg, synten dsdgn end testing, (Mrer behavicr, dds esd 
training £cr dcddcn cahing, bumaa foctos in an industrial setting, visual 
infonnaticn display, and visual sssrdi and tezgct zggti^tian. 


HFS, Air Tmfflc CcntroL "U Quoen Factxss, vd. 22, ikx 5, Oct 19G0. 

A special issua o£ tbo Quiucn Fec^cas Jcrsnal dsvotsd to the human &ctoa problsma c£ 
air trafSc csctrol £nn thy pespscUva c£ f ^ T r t jntipgw eotd of pilots individual 
artinka ara cited in this fcMogtrgtay. 

QFS, "Pnscoedings o£ ths Eumn FactoQ Sodaty 25th Annud. Meeting'’, Rodttsher, NY, Human 
Factoss Society, Santa Monicn, CA, Oct 1981. 

Papea {ssssntod at this confdsnca were cn t^Ycs which indudcih nucLsar power 
pZant cpssdisa, vhniol perCoemascQ, ssjxcg&sa cpsrstiotrv ezgenomies, nuclear power 
plant c^ty, indunizlal design, dk^ys, ianoTotivo hsiBsn-coacuter isttseSaaea, visual 
dfc^ptoys, ccotrol zoom design and evniuntden, safety, iafanaatLcn pzocfi ggtog {ind 
dedrfon making, uozkplaca design, computer wcd^iiaccs zr>d cqu^osnt. 


QFS, *?zi3cosdings cf the Eussn Fastora Sodsty 18th Annuid. Meeting", EuntsdUe, Human 
Factixs Scciety, Santa Mcnica, CA, Oct 1974. 

papers pressntad at this ccnfozcncs t#ere cn topics which includs: pahHc 
tzanopcct&tion, health care ddlvozy, miu>K»mputer interface, sdatLcn cco&rch, 
oafety, ccntcci/dkplay dedgn, ^itiraz behavior, target aeguiaiidon, dafensa systemrv 
aczospaca cysteuuv handtos^ ootlvoticn and ^ enlcigcmont, and 

cnvizcnmental pcychology. 

Hart, S. G. fi T. & tfemps. Cockpit Display c£ TxufSc mforcaticsu Aitiina pilcts' opinLoris 
ztout Centen, NASA, Amso Res^ircb Center, MdEfstb Field, CA, TM73S01, Aug 1979. 

The zepozt aummarizea zseeaztdi cendreted at HASA-Am^ cn display formats for 
Gomputer-genscated cockpit dj^pteys of trnfflg infotaatica, Ths study defined the 
infonnatiai that the potential uacr-popubtLon 6^ ^x»ld be incespozated alcng with 
pcefeczed Eymbology and format. 

Hart, S. G. & L. Ik Loomis, Svaluatian c£ the Potential Format & Content cf a Cockpit 
Display of Traffic, Human Factoss, Vc2. 22, Ha 5, 1930, jpi. 591>604. 

An interesting look at the cf computer-goeecated displays for airplane cockpit 
traffic inConaatkai purports. Dear pogulatkc pecrcEBnces wure collected ard 
erperimentatLen cn the peefeaed futures was ccnductsd. The authors make a strong 
point for this evaluation mothed. 
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Baskin, F. B., J. L. Daiby s H. Q. Musfln, Ano:(^ of Bypctiistical Savcie Cceea Daisage 
Accidents for the Zion Piesucize, Sastdia NationBi LchcstdicEy, Albuquerque, BM, 

NOHBG/CR-1939, Oct 1982. 

This r t vcct <faBcrib<w cnalvses of the responsa cf a pteasuised Tfatar Reactor at the 
Zion Plant to hypothetical core meltdown aoquenosfa The analyaos ogwider the 
p Eo grasd e n of cose meltdown, ocntzdnment ne ^ ac n sa, and consequaneea to tho pubtte. 
Strategies for accident aanageoent and mitigaiticQ cf ccnsequenses are euggensd, 

Bayess R., <3: Brownell a Bayee^ Buaan Factora pschlaffia c£ the Coamand Control 6 
Coaounicatir^ Pssoea in the, DARPA, CACl; me., Atiingtcn, VA, Kns ADA027420, Jul 1976. 

”A set of BP actlvitiea in the C3 prooera is enumerated and the determining f orcea e 
cantroCing these BF are daboc&tBd. A list cf variables constituting tha est of 
xeiavaat diaenticiB of future (1990) t nvir oo c s a nts for C3 csntea is devtiiopad, and, by 
analysing tha Utacatme and exploring empert qdnion, values for ttess vatinbl^ are 
apodSsA which in aggregate oanstitute meaningful alteznatlva futures" EaricaRy a 
eupertisial oat of UKsq^ainad listsk Putures tend ta either it will or it wcn't be. 

Beglin, B. J., HAVSHIPS Cteplay Tnuminattco Design Guide, Section S: Human Fcctoc% Naval 
Electronics Edaocatoiy Center, San Oiago, CA, NTES8 AD 770478, jul 1973. 

Provides BF goidelinea for uss in design cf tidpboerd visual disqilaya^ aq^pofad by 
reoeartei data, triahe, gcapis, and charts for gcnrual referance and foSowed by 
a^jSicaticn spedticatlon irjf<»>rlnV» cfSor ztcndan^ end tolrxanse limita. Covea 
human visicn cetmbilitlgs and Uniteticne; iUumination, layout, end visual displaya; 

CRT display; TV displays for tingle viewesa end for group viewing; coding; proJoctLcn 
d e vices; dt^day legibility; ^scificaticns for displays, layouts^ end flluninatiau 

Hdandsr, M. G. 6 J. M. Schuddc, A Bihliogiaphy of the Efiaraturo Heating to the Human 
Factxsa Aspects of VDT, Ccnyon Rcsaarch Gic^, Inc^ NestlalseVillsge CA, CRG-TR*02-003, Jul 
1982. 

This bfoUogEaphy contains 493 human fscto ra r afe oenee s ca v^^ial display banninalai 
The entries are cla<vdfied into the following catsgcrimt tiisracter and display 
design; general review documents; health effacta; Ughting and reflectance; PTT 
reae a r h ; standards for VDT design; visual d^comfo;^ wort crganization and job 
mtfeifeetjon; and wodctaticn design, postural discomfort, tmd bdomechanlca. 

Hepler, S. P., Ccntinucua Versjo Intermittent Dfeplay cf mformation. Human Factos, VdL 18, 

Na 2, 1976, ppt 183-188. 

This article suggeots that both ccntinuoiB display and intermittent display cf 
informatlcn are optimal for cetentLcn, dspendent upon task tituation. Three staga cf 
processing for viaioUy prc^ntod matipriniM am aupport e d; acq^iieiticsi, ooneoUdatlan, 
azri retention. 
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OF POOR QUAtrrv 


1 * Ket»oife Katicn, Buoan Coaounication via Coacuter, 

Addlscn-Weeiey PxiOlahing Cow, Reccing, MA, 1978. 

An Intio ducttoo to tha tachnologiaB and axdal inijlicatlaM c£ computar^aaed 
oonfatwidng ^sXema, Tha hiatiy and davetopaent o£ conferencing systama and 
techndJoglM is ooverod, along with acdal and pcychological pEoesaasEin coECMtsrised 
oon^enang, Inp^ on manEgeti£d. and atafS functional public 'jaa and acc^ daden 
tte litnan-aa<*lne^o interface, iaues of pihu.^ policy and ^ui^ 

ond pjD NJVftd ta of pcxwLhlo 8odkst2iI * 

* Autoaatic PmoosBii^ in reraon Porcaptian, Getogo Mason Onivoaity, 

Tto is a paper batog pc^parod for puhBcatiao eocaialning controJlod and 
taf^tion in poson parcepticn. Tha csrpaijncntal rerulta airoort the 

types of p:oce!S!ing and asggc&t ssvctal ^tssGsdng pednts oi r*>rgnri 

oSwaJ* ^ of the Air TrafiBc Ccntnaiar, Human Pactoct, VcL 22, Na 5, 


Reviews and cdjticaBy 


®MaiTQs of tha ATC. Argues that there are many 


- — ; — “ — ^ AAVwe ukiu engro are Qianv 

^Morafi^ue«fluring tha ATC end that no moasure can yet be traotsd as edth^ 
l^spa*--.. mr ic nlaaa . Hetes an esdadng bias to maaaits the ocr eo past of 
the ssfstem than in the ATC's own dght. 

Pqrchoksgyi Cozent Pesspectivee in 
ReeaaEcn, Meredith Copotatian, Mew Yod:, NY, 1971. 

Aihej^h ten ysai s old, thin book of readings contains many valuable, el>»grff» worJes 
ccBtoihited to the human factoa field. It centains fifty five 
jj.1 dividffli into five a jc ti a gy introduction to engineering cBycholoqy, human 
pMcemaiv», muiha^ system perfennance, training , and environmental 

It is fiathsr hsoten down into chaptea providing extensive organization. 
This volume is highly rBcosmendad ta a source dbcumsnt. 

Waiahman, Bd., Human PcE&nnance and Producti»ity,VQL25lrfonaation 
PiDcesnng and D-cadon, Lawrence Eadbaum Aasodatea, Inc., nj, 1982. 

An excellent collection of timely human factoa tqfcs are presented in eis bocJt f ro m 
a toman "ttofnaticn proo^ng viewpoint. An effort was made to provide integiatad 
chaptea; both theore tica l and applied research are addressed. 
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ORIGIWAL PAGi- Ijj 
OP POOR QUALITY 


nuchlngacn, a. R« D. tliDiaxzia 6 G. Reid, Fonaatdng^ M«es 2 bge LoGd, Sequencing 
Method, 6 PxcfiGntatiai Rete &r Coaiputer, Humen FactxsB, VoL 23, Na 5, Oct 1981, 

PPL 551-560. 

Also a pertion of the MIOSa study, this wek exsEiinesd Sour typse of fogmnttlng 
iMOXticaU coQpact, chunk estondad, end oessaga eoctendod), thrm Jbvela of m^esage 
Jood, four methods c£ csqisnclng, end throe pcesentatLon mtsa. The flxst study 
]ook^ at all combinations end one combdnatian was ssl&ctad hroa ttiis £or fusthac 
study. The fioUlnw-Ga expegiment coeamined the compact chunk pnsssntaticn ficr three 
aea aa g e Isveli end foe throe expoB u re nstaiA Optimal dynaciic peesoitation ni^ ere 
■rggeeted. 

Buchlngson, R. D., New Hedsem fior Human Factoca in Design, McGraw<^iIl Book Company, Hew 
Ycric, NY, 1981. 

Thks ceosnt text indxxisa topics oich as, tha human as a eytstems sssource, aerospaoe 
eystems^ industrial systsms environment, wirface trenEqportaticn eystema, md 
com mmicationa and data pcoccsoing cystema 

IBM Systems^ Human Factou, IBM Systems Journal, Vci. 20, Ha 2, 198L 

Ttds is a special issue daw ted to a eimpling of human fiictocs woiSc at IBM. Articles 
induds: Prooeduras of tha Human Factora Center San Jenaj E£hxts of Menuol Styls 
cn Pecfanaance in Education and Machine Maintenance; Natural L^^guege Pcogmmning: 
Styls^ Stetegiaa, 6 Caitrasts; Human Fac to a in the Development a Family cf Plant 
Data C^muniention Tesnaina^; and Human Factxms in CoaaunicatLcn. 

laceal, J. B., C. D. Mickens 6 G. U Chasz^, Ths Bvent-Rolated Bisin Potential as an Index 
cf Dfaplay-M ciitoring Wcekk^ad, Human F&cto^ VoL 22, I3a 2, 1960, ppi 211-24. 

An altomative measuxe of trorkload is pcsoentod; the event-solatod facxdn pote n t i al, 
and compared %dth a reaction time sscendary ta^ measure. Tho ovent^xolated fac^ 
potential raeasuxes were fiound to systematicdly reOset differences in task workload 
and to covetry closely with the reaction time meeourtu 

Jenkins, J. P., Models of Cognitive Behavior in Man-Machine Systamar Nuclaar Regulatcey 
CommiaBdon, Mar 1982. 

This document oensists of an annotated outlLne for the author^a doctoral dJcsertatlon. 

It revie«#s four models of cognitive behavion the Rasmussen adaptatian of the 
sdffluliB-operations teape na e model, tha Siegel-Wdf cognitive ^idatiLon model, the 
Shexid£Ui supervisory control model, oxi artificial int&liigGnce as a generic model 
The nmking daaertaticn is eagerly awaited. 


285 





.4 




original page w 
OF POOR QUALTTY 


Kanto%ri£z, B. a., XObat&dng Buman mSsnaaticn PiocosEing and Engineedng Ps^xhoZcgy, in 
N.C. BowelL & B.A. Pbiahoan (E<3i.) Busan pgfianaanee and p, LawxaRce Brtbsum AraodateSr 
XnOf ESlaiaSo, HJ, 1982. 

This dupter is en esceSent p c gaa n tation cf a tuiuui factces appcoach to Jnibtaatian 
jSQcessing. Ths cuthae: owkes sarveial iapeet a nt olstinctiona bstween basic and at^dlsd 
maaacch and suggseia acvexal iateg t atad appeoachsa for iatszfadng engioeating 
psycbdogy with human infoxaatkn p toow ti n g theory. 

Ktiley, C. R.« Matai^ and Automatic ContrCL J(^ tiiley 8 Scbs^ Ihe., Hew Tctic, MV, 1968. 

An omview and eccsDant intsoduction to tho conceptual faaass in manual end 
eutoaatic oentzoL This is a cV/adc text that has lost Jlttis with ag& 

Kttwin, If. T., G. S. Blanchstd 8 C. N. Atoinger, Army Hetedal Systems Anal^ds Activity, 
Man~Machins mtaceaoe -A Growiig Cti, U.S. Azay, Machington, D.C., ofscuasicn Pepsr #2, Aug 
1980. 


Ttds r e po r t etetos that the tB Amy hss msa-aechlns interface perittbrngi; thsie ere not 
enough quaUfiad pecpils to pszfccm tte tasJes required by inszoo^ng weepen comfilsxity, 
the large isisbsr of mw systems being dsvelopod, teouiting and zetontian pzdilaras, 
and a dsclining osi^wer pool. The r a p a tt calls fex en intogzatad an to 

fkagmsotod effort tovzoSa ecSsiag tin prohlsra, and nakos same zocoascondatiana. 

KcZsxB, P. A., a. Ik 8 D. C. Fezgusen, Bya Mesemeat Memzcsaent cC Readability c£ 

CRT Di:^^ Euman P&ctoov VcL 23, Ha 5, Oct 1901, psw 517-628. 

TIfs azticln is oie of ssvetal in tiis earns fesaec c£ Buman Pectesa which eumoadses 
the c £ the tSOSB eb^ cn cfSoct of vhaial display trnninnH This potion 

the ztadahility c£ CRTs end found ctoracter dansitics of 35 to 70 chazactesa 
per line tovoesd tha saTilIflB>tiae (dssznctexs with eemset to medieg efSdsacy; 
coapttdsan c£ cczcRing zstos ooggestod the ctatic psge wea mens efficient titan 
««rtiHniirira szQiSing at tiis oibj^'s psc£f't>.z:d mtf &atsc rstee trore core 
effleisnti 

Kzeifeldt. J. G., Ccckpit Od^^y^ Traffic Thformation 8 Dtittibutod Mr^iagement in Air 
Traffic, Buman Fsetsm, VdL 22, Ha 6, 1980, pp. 671-S91. 

This aitlclfl is based on csvsral years' espetimental study of placiitg ground oorttroL 
Mocoatim in the cockpit. Icformaticn mdi as suzzounoing airezaff, and natdgatica 
noutas am imprwe eafe^ and efficiency of ths air trafiSc centrol ^'^^tom. Through 
this aystBQ, pdets have mere infocmation cn board and seduce r agp en g a dricya. 

Ku]p, R. A., T. J. Rei^iin & R. A. Sparling, "Human Factors ConsidszatiaRS Jn the Dooign rf 
an On-Line, Real-Time Coaputsz", PtoceecUnga - 17th Annual Keating of tha Buman Factocs 
Society, Ssnta Monica, CA, 1973, p^ 425. 

Human factocs considerations are listed that should be covered when designing an 
cn-lins computer iystem. 
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OR!filNAL PAGE IS 
OF POOR QUALITY 


H,, A. singer « J. Dit»ctl«na In Euean Pactcfs for msatactlvo Syatam^ 

Spdnger-Vedag, New Yodc NY, 1381, 

LacGore Not«a in Caapatar Sdence 103. ThSa last fa an ULuofnatlng lock the 
aOAits‘3 «W g n<n g a honcn factosa experiment. Beginning with genaeal 

.wL n ixae% they illiEtxata their dfaggrlna with leel wodd cstannfa. An 
5 «»»T»wTy intsreeting dfagwrfm of their own human fRCtosa esrpaalmentaafio 
fa given. An cflcoaDent guide to enyoce dae^gning cxperioeirta ooncemlng the iMnan 
of acfi'waKC, particulady for interactive eysbeaa. 

Le^e^ B. JC.# BrgoojoicB for Cceamand end Central Rooma^, iTBtf . tm^ t voor zintaigfysidJogie, 
SoasteibeEg, NL, NYfiO N75-14458, 1974. 


m %r»h a fanst Bnglfah axomary. Dutch tltlas Tadinfacte Meadomdo vooc . 

Coamando- « Ccntrotaiimtcn. A brief review of the otfthac *8 erpsrisncs la ocatrcl room 
ooxcsntxstaa on duainatloQ in gsnsral atd on di sp la y boesos in 
HO nrovidoB handy rulae-of-thumb and oautions, axdi a* di^y daractexa 
be no than V 300 of tha distance botweaa the viewer and the dfaplay. 

Be treats end the KlatLve ocsnlin aa of alt ena tiv^ 


6. R. 4 R P. HuBsa Moaeayt Yha pio«ffdng cf Irfocmatlcn, Lawoenco Bilbaua 

Ktood&tea, me., HfTlri^ln , ttj, 1976. 


A thoough examlnatic® off the ehortHsaaa/kag-teta mamory ebore modal foe infiomatloo 
p T w» «dng flaea a psydtdloglcal paospective. AH partlnfint ex p o ri i a antgrico fa 
tblS A SOUSCQL 


G. R. 6 B. P. UfbuB, Shoeb-Teca Moa«y Factors in Gimnd ccatroHaiy^ikt 
ra iyiif*?cHrtny OUfiSfiD FfiCtCZZV 1976 w 


Renan for obart-tetm oeaaiy error in pOct ooanaiiea tten with ground 
were favasdgatod using a riaulsted shert-tenn memory task. Tha taa i i a icdicatBd 
that amount of inforaaticn being Esoonfflad at any time, aid isstsntion intervefa, wesa 
the major datezainants of error; 


MaDoty, K., S. Plteger 4 J. jebneen. Human Engineering Guide to Ccntiol Room Bvnluatlcn, 
MRC, Ccxpoxation, Washington, DC, NORBG/CR“1S80, Jul 1980 . 


Daft Repot oojtalniisg a Control Room EvaluatLcn process and Human Ei^ineering 
Guiiallnea. Tnr«inis<« «« aaEseasment of coitiol room layout, tha adaqu a xy of infionaaocn 
rrovided, the arrangement 4 iiantiflearien of ccnttola and iirerumontation displays, 
etc. The 4 pocodurBS for evaluation ate based oi hinw facto es evaL at^ 

eC 9 cmtrol rooaa. Very wxsil done and roaBOiahy earteia^ the report a two 

Old a inches thick. GuJddines ate arranged by i^pedtic, pwjtica l topice. 


i 

i 

i 
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PAGS 13 
quautv 


Manda]« A. Tbs Suited Man (BoBao Eedsia), Tbs Seabed Mode pcdticn. Tbeoey oed patctice^ 
Applied Bago n oa i ca^ Vd. 12 , tia 1, Mar 1981, pp. 19-26. 

DeBOQBbcabss tbat ccnteapccary design of seating is pocraisa in its imistcaoe that 
the body bcU unnatutal i^ht-nglad linb ertieviVitinpa. Shows d» osgc n ooi c 
chsDcacbedstics cf natuxsl ssstiog and pcc^ddes dedgn caconasidatiaRS Scs i ago g v e d 
seat and wcaJ: agfeow ooDUnatioosL 

Magccsts, A., Designing the Pace oS on TBbeirfaco , lEBB J. o£ Coesputsr Gxaiphics and Aib^ Jon 
1982, pp^ 23-3. 

Ddscueees guiddlnes ibr gxsphL; dssign See baman/aachiae intesfaesa Reviews 
ze£esB)oe gdd, typographic psiamebeiB Cbtter epacing 6 jusriftnntinn, Epcce & 
fltxuctuxe, Isthar £oods 6 catalisation, tahbs 6 1^1 Appil^ this dtecugicn to 
S£ 2 QS a dungea its gaphic design fiatnat aosewhat. Tie initial ieptoBantTifim 
cf changes hss baea favos&hly received by vseai. m this caoe, boss detsDad 
endusticn remains to be denft 

Martin, j.. Design of Han-Craiputer ntilngiv><v psentioa^dl, Xne., Englewood CliffttfP, 1973. 

This bode is bssad cn a c e uxaa given at IBM Systoas Research Pnrthrtc on can-ooQpatsr 
dUtoguea. It is an to read tort cowiing the £bBow^ topdest al^wai marie 
diatoguas, dialogues with sound and grzqdiics^ p^dnLogical occddarstiQns; ^e rato o i 
without training, ead iaplsiaentatioa cm^idimitiflna, 

Mabubi, R. A.-, g iltasta of Visual Display onita cn the Eyas: A Bihllogiepty (1972-1980), 

Busnn Fzstors, VdL 23, Ra 5, Oct 1931, ppt, 581-596. 

Thb bibliogsspfay oantaina 174 entdes obtained &oa ohline eeardiss cf vadous data 
including Bscsrpta Mediea, lE^SPBC, Hodline, MTIS, PZRA, Ptychaiogical 
Abstsacts, SdSBARCB, and SOCIAIi SdSBARCB. 

McConaidc, & J., Hunan Fastcos in Bngineedng « De3ign(4th Bditkn), McGraw-aiOL me, Bow 
Yoric, KY, 1976. 

An occelLent ^utens<dented textbooic with good coveizge of the vadcus aspects cf 
human faet co . and a good source of bade bunan fa ctoas data. He covets infe nn a t io o 
input and met^tion pcocesdng, bunan output and oentroL pmcpass s, wcete sp aoe and its 
arrangement, enviionnen^ concerns, and netbodolsgies ficc apipUcntdnns c£ human 
fac toa data. Specific topics induie: visual, auditcey, etnd tactile displaya; speech 
oonmunications; q^died anthropometry; illumination; noise. 

McCocmidc, & J. 6 M. S. Sandeza^ Human Factozs in Bngineed n g and DcsignCFifth edition), 
McGzaw-Qin. Book Company, New Yesk, NY, 1982. 

This, the fifth cf a claffrfc tssrt m human fsebozs, cores the following 

♦ryW; the data base cf human &ctcs3rin£csmation input, human cztput and oontcol, 
workspace and amangement, environment, and asileebed topics in human factors. This is 
a vrduable cverview and reference book. 
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Melatec, D.« Humaa FasboEBt Tboa^ aod Pzactice, John WOay 6 Scob, Zk^ Hetf Ycdc, KY, 
1971. 

A tesct with the un&scIyiDg ococepta of human £sctos ani with tha 

rtmUHjx of iii8 hotian ^ictoa jcU intenited as a p ractical guida to thn doSy 
peKfodsance of facte a tssita. Cav&ss tha man-machina cooc ^ fe; hua&n crrccj 

mii»HvTri< of ssaascfai human fiictoa in peedeeign and in entail design 

activities; Eldons be tw e e n the enginaer aitd human factccs ^seedaliat; ptocuiement 
of xeaeas^ and tha emganisatien of human factiois wodc tsams within an organiaaticn. 

S. Cw Man/Mztehiae Btetfitoa Stndy fix Command AppUcadona; Bendix Field 
B njtrmoring Ccstw HASA/GSFC, GHBWibelt, MD, NASS-25025, jm 1980. 

Ttfs document and evaluatas vffidous msthods fix hanSing ^aca qa f t 

oomnuuiding in gsfc CenttoL Centea. It dSscussas tha q^etational advan t age s and 
disadvantages of tha fiotOowing ^stsom RCRT, Spadal Putpesa CccsdLaa^ Gehacal 
Putposa coQsdScav sa^ Soaxt ae m i m'^gocmaoni . It is an infiociaatiya 

otreeview of Goddasd's pest and peasant ij/stema, 

C. M., Ib O; StBwact 6 A. R. Bocast, Hunan Facbom Aapacts of Centxd Room 
OceigmGuidalines end Annotated Bih^, NASA/GSFC, Gooege Mason OnLveesity, G reari a a ltr MD, 
TM 84942, Dec 1902. 

This document nipci rt s tha resalta of a Ibeeature suzvey and analysis c en d u efaad by 
Geoage Masen Otivsefity on human fiictoa assets of conteol ecoa design. Tha ibcus 
was tha oomoend and oontidL envieonment X MASA/GSFC. Top^ langa &dq tha 
ff^Hisfinsd to iha cosa cpeculstiva, such es tha zoLs of tha human in an zaztsmatad 
e nvir on meat. Pnman fe c te a of computer eystsms are emphsdsed, and tools and 
itvaiiabls human fhi Thnni jwiaiy rin gfo inciudsd. An azutotatod 
Ubliogiaph/ is inrliidnd. 

Hitcbdl, C. M., Hunsan Fectoa DimensiaQs in the Evnlntim of Incnwiringly Automated 
ContEol", PZDceeiinga of tha 26th Annaal Buman Factms Society Heating, Human Fsctois 
Society, Seattls,nA, Oct 1982. 

This paper the human fioeboes zssaatch e£6xt at HASA/GSFC cenoxning the 

ouizent and p co poie d command and ccntxoL envizoamezrta fix nesr-eseth atsHite^ Both 
ouaent and pasp c Byd regaasefa is dismsssd. Tha authx is a chaebsr m e n txr ofi the 
MASA/GSFC Htman Factois Gzoup and has been dinwtiy involved in aZL phases of the 
MASA/GSFC human fiactcd e fifio t t. 

Mitch^ C. M., Human-maddne mbetfiace Isbuc.. in tha KSOCC-1, MASA, Goddard Space Flight 
Centx, Gzeenb^ HD, TH83826, Aug 1981. 

This technical raemocandom presents tha details and ccndisicns of a human fixtots 
isdew of c ur re nt and jg^i ms d command and oontzoL environmatts fix naar-^ucth 
atbeDites. Tha report fioi^ that little atisntion had been ^ w o t ad to hutdamental 
human fiictoa consideratioa in tha c urr e nt systems^ and that tha p ropo sed rysbems, 
with increased levels of automation, are likcQy to fiorthec degrade the quality of tha 
human-Gomputsc inberfaca 
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MitcheD* C. M., P. Ven BaLn 6 R. Mce, Ed« *Proceading« oC tha Huoan Factsas 
CcnaidsratlcRS in S^teo Design SyopeduB'', HASA/GSPC Buiaan FactcBS Gacusr Grosnbait, MD^ 
May 1S82. 

Tha Pt oc e od i B ga c£ tha MASA-Goddasd Sy np oal un he2d May 1982 in Graanbctty MD and 
Coinage Poh» HO. PbnaEy nsgicn tspics indudn gsnstal background and 
arplicahflity of hiaan Stetoes cm a tool in Q’staa dedga; husan &ctce8 in igjslear 
nwar plant ocntzol looss end in software dsdgni and e cdtiqua c£ latcractton 
dondeea and tachnkitfaA Heskshop iBwaiona foarad cn asmzaL toptot CoapLsts pspea 
aaid viewgispha of tha ptrnartattoca cam includad. 

Mochaxnuk, j. 0. P. Gaudio & C. U Sows, Tanging inSeated Ship Target Aogiitefcion 
Stadias, Human Factots, VoL 23, Ka 5, 1981, pp. 561-80. 

Thtea etudiss eee dc a gJbw d which iHuctzata the ibarativo inb-'xacticn c£ Ir^ o rato ty 
meacch in the ^stom dss%i ptogaa Thsy fixused on c p e r a t o c pcftcraaace in on 
Inngtng infcsced ship tazgft sequhitkn ^stea. Ship type, <il;^i!ay £±iip 

odantdion and vidso bsidwidth hnd gjgrdficnnt ^seti cn oper a tor portososnee^ 
whoeca vidso £cace rate yinlfed a £lat foocticn. Rcsu£s are dbcucxd in the oont ea ^ . 
c£ a distincticn bettfcsn infotaatfonal and ioaga qua^ty effacto cn tsrgft 
acqutdricn. 

Modumuk, J. Vhual Tcget Aoquiaiticn ft Oculac Scaling pstonaanca, Buican Fectxsa, 

VcL 20, m. 5, 1978, pp. 6U-631. 

Three expsthsants, isdog a briog eatpoaira bodudgua Invost^tsd tla eflfeets of 
jafionantim and physical vcriablsa cn v^uaL csacch pcrfonaanca and tha aasodtatsd 
ocular activity. Tha seoulbi auggset tint gtiBuliB infccsiatlcn h&d no ftbset cn eye 
Dovenent msanizs^ phydeal rroodclifna iepoaod on tha saarcb teak ware z&:^cxrdhls 
fbr changoo in ocular behavior; and per itam search zatefl incxeaGod as the total 
infeematien in tha display increcsed. 

Mc», R., Trip Report <£ tha Visit to Sdar Meecephars ExploiBr operations Center, HASA/GSFC, 
GiBerbaitfHO, Ai^ 1982. 

Thia reports sammadsa tha csctivitiiaa ooeaiod on a trip to the Sdar Mesoophere 
CxploiecGMB) Operations Center heusad in tha OnivecBity oi CokxBdo's Leboratezy fior 
Atmeephezic and Space PhydocLASP). Ssvezzd. Goddard, con t ra ctor, and human £sctoa 
peraoiuMl atbendad. Tcpica covered indudedt a review o£ tha syste^ enginssdng 
appcoedi usad for tha SMB miasLcn, ea ecchanga tsiman foctors idaas with membece c£ 
tha GSFC Human Pactezs Group, and a zcivisw of ERBS human gpctoa enalysis mOestonoaL 

Monk, T. R., T^srget Uncertainty in Applied vhual Search, Human Fzxrtos; VdL 18, Ha 6, 

1976, pp. 607-a2. 

Tha aim of this eeperimaRt ytsa to datennina if target uncertainty efCscts occur in 
appUed visual soarch tzaioft Targets varied ficom non-targets along a single dlmenaioa. 

Thera was a 9.5 % inezeasa in ssorch tiLmo when thate was target uncertainty. Target 
poririm or dlfficMty was not a confounding £actoc 
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Mccayr ML, The Stzatogic CcntnaL of SsSomation Prccesaing, in 6. On&srvccd (Ed.), 

Strategiles of InSonnaticn PZDoeaing, Aciideaic Pnsea, Mew Yodc,Ny, 1970, 301~2S. 

Thb chspter,. ia tin GSoaHant booit Stzategies for mSoeoetioD piDcoRsing, the 

ooQc^ of vaciah]3 stiatagies <» a gansdc coamaiuS and control envixcnoenti The 
authcc condudes that cpaatcn dsvdop etiategiGe adaptive to tin tatic at >xind, fior 
optijnal pationoansa Ths tcQs cf the huoan as uon tioHar end as aopsnrbsoe: is 
addiQsed. 

Hocay, M., Ed, Hoital ncritbad. Its Thsc^ and Hoaauseaettr p]^nua PieaiL Kew Yesh, KY, 
1979. 


This is the piDceedings of tin 1977 MATO oonfaenee on Heatal Woddoed. Thso em a 
nimber of pepexs whid) ere both thcoeectical and arpTfed in natuna^ Topics include 
papeco on: espetijoastal peydnlogy and aental wcshlcsd, ocqisqL enginsating and 
woij{2oed oeaoiraiaCTt, osthsnati^ modeto end aental woddoad, phytfnloglcal 
{sycbology and mental wotidoad, applied peycbology and mental wcsklcad. 

Moogan, C. T., JL SL Coble c A. Chspatis, BdL, Human Bnginoering Guide t» Equipment Detign, 
HcGaw-HiO, Ketf Ycd:, NY, 1963 . 

Thb tout is somewhat datad, but does peovids a tzaditianal overviaw of ti» human 
fisctocB field, crpacifilly equipment dstinn. Cnsptcr teodings tho fallawing: 

man-machine cytisssa^ vbual and auSitoay pzccsntation of infomaticn, Eoeech 
oommunlcatLon, man-inachiQa dyosmice, central dotign, wotiqplace byouti dotign £br 
maintEnance^ e£2ecta cf environmenti and a ntlu op o gB&y. 

Meuant, R. R., R. Lakshmanau: & R. Clentadisai, visual Fatigt» t Cathode Ray Ti^ Di^iiay 
T&miruJa, Human Factoav VbL 23, Ma 5, Oct 1991, psx 529-540. 

This articia u e purts the- mauto of two gepetimenta in tin MZOSB study. Kqntiment I 
investigated the effiacts of di^ibiy type, amount a£ infiomation, and display oontxsat 
on tin visual mochanjam during a visual srarcb tech. CRT \cags for throe hours 
pcodiced meaauc&bla visual fetigua in eye raoveiacnt and visual meehaniaac: aich fatigue 
%fas not pgnssent in tin hassl copy visual search task. Tbs second study had subjects 
engaged iia tin teak for two 4 hour smaLonxEatigm in both CRT and hard copy was found. 

MumfoEd, B. & B. Sackman, BdL, Human Choice and Computers^ American Elsorrier Publishing 
Ca,Inc, New Yoric NY, 1975. 

Pnoceedings of the IFIP Cenferenee cn Human Choice and Computers, Vienna, April 1-5, 
1974. Thematically an'aitjod around: management atodee, trade union choice, damooatic 
choice, and social chcrica. The book end its pspss ins very widely cited. 
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MoBfisd, & « D. BstdalW A VeStid^stim A^pioadt to Computer S^steos Dedgo, Jobn Wiley 
8Di Sa»r Rew Yodi HX, 1979. 

h ttoity cC tba azsooai&il lapleacntatiaa oC a osw coopu t e r ly^ea. Ai^ws that 
cCQce CC d»p*fiboc eapZcysss have a majos: dadgn this, pettictikixly in 

tfcd: caganigadtoo ctd t&^ stzuctxases^ acd that both es inczosss in 
^Xldlfacy md in jd> mrtrtfwrHnn ba ^^st^ cb^s^ve^ Ptovidea b oeh tiiq oia to 

tfioa tha «fetn«a to diagncsa th^ oun psohlm^ sst tai^eta^ and dsstgn «adc 
etratsgjeoL 

HumVf Et, E. M^rs 6 W. H. Panr, A RodJadon fi uaSusCrlal Hreisaa Sjswey of Video 
nfa g jji y TocaiDal OpecatLans^ Hussan PacboQ^ V(9. 23, Ra 4, A'^ ISQl, pp. 4I3-C20. 

Port of the tSOSS shady, diis esticla ^ecobee o radiatim sorvey which faclHdfd 136 
*Mnifai»t« «i«K^ of tha dsaoQstzatBd that ths VDT ope sab o ra inrlia^ in 

this investig&tiaa oom net es^cosd to tezanlcuB lavola oC nyliatim ae chgiti i ca l 

agents. 


HASA/AmeiV tlan-V^iicto S^tsaa Reesscch Divisica Bg a Uoggp hy 1976-1981, Moffett Field,CA, 

Oct 190L 

This tsdnicaL rs^cat is an aimotsted Wh i Hn a tni hy psawiding a ctca-ffifesexscod 
dScBCtosy of publicstions wxitben by tha peusenneL of ttsa Msn-Vebitda SySjema Rcseazch 
p< 7 fe>fm of BASA-Aqss Ressscdi center cad its co n tra g tog^ 1976 to 1931. Si&jact 
j» T» ma ladiidcd am Sight oacsgsiSGnt i^^steissr huaisn Endbess in aviation ea£sty, 
dmulatiOQ tBchaology for essonautic^ hstiic^ter man-oachina into j ra U iy*- techaoitogy 
sod fUgbt rg^tafertd Bessatefa, 

NASA/GMSFCr SpooeOab Dfcpilay DcsSgn end CcsaoaiKi Osago GiiidsHneo^ NASA/GMSFC# GMSPCr AL, 
MSFC-PROC-71lAp A^ff 1930. 

TUs docun£nt p seoeots guidslinsa * lat ettempt to ebandardise tto czcw/srpezlniant 
intzsr&os among diffcscont payloads m3i rmA in lower craw tzainine ^ 
effleisney c£ tiia payload aoa\9 in onboard cg qxyripwait o p sa zfc tos, 

NASA/GMSPCr SpacGlab Exp^dtegnt Coapotar AppUcatloa Software D^lay Design and Command^ 
NASA/GMSPCr GMSPCp AL, MSFC^ROC-Tll, Jan 197?. 

This study centains and guidalines for the dseign c£ spacedab cbJsplavB. 

Tha report W 2 S cxsaductcd by the Essex Corpoiaticni. Many of the guidetoea are baaed 
CO the rm\rst c£ empirical invosdgatiiCRa conducted on tto.Data Dh^y Simulator, 

Githeia are bsCTd on findings in soentific and technical U t t aa tare, Topics induda 
display cooventiona, alphanumenc ois^laYDr graplTica diaplaye, dis^day os^anizat^on, 

..rmitniitv^i^ oomicnd tifiLiy, oonnand £s.dback. .nd tai tnrifllfl . 
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NASA/GSFCr Bufflan ?actoB in Coatrol Roum Dedign, RECOH Sefacdi, NASA/GSPCr GeyinbeB:, 

HD, Htr 1982. pp. 1-27. 

A NASA RECON Seatch wb 3 am cn the tspSc oC hoiwin fiKtom in cm tzc l tooo dedgn, 
xsoitting in this 115 ihia annotated biMogiaphy. it ^ a very gooi source decaoent 
(CDoiding listings c£ laany tasd to dbtdn tadiniiiml zcpcsts. 

NASA/6SPC, pryload Opeotians Catrol Centexs (Aar's Services Guids,HCD,MOOO, NASA/6SPC, 
Gacabelt, HD, MOD-lPOG/0180, Apr 1S81. 

This is a user's mwmifl for NASA/GSFC personnel trifchia the Payload OporatLons CcotadL 
CenteiB(POCCs), and related (uppoct facilities. The dbcaoent 3a iotendsd to be an 
avaliabla resource for both pctootial and cueoatt users. It ocveo too fiallowiogi 
POCC dsesdpdcn, c u ppe rt ^ilLoeoptay, related oqipcct ^Lsmeots^ POCC cxppost 
peewnnaL typical epacscsatt eup p crt cperattawy teat and data Sow a ipport, 
docuseatatioa, md fitture plana. 

HASA/GSPC, Ccntxd Center Systea Menual-MSOCC - 1, NASA/GSPC, Gresnbelb MO, 
CCS-ACCH/0277, Aug 1981. 

This is a wodc manual fbr NASA/GSFC personnel involved in the HultL-SsteOite 
Operatians Ccnted center KMSOCC 11 It ooveo the HSOCC 1 data 

dteteihatlao aubsysisnfv appHcatfon ptooGsdng sub^terae, data handling subsystema^ 
displays and interactive teyboeaaS3,and MSOCC 1 eoftwera 

NASA/GSFC, iDtograted Command, Contebl, Coacunkaticns ^ffid Coaputation System FunsSonal, 
Computer Technology A modatw e; G£eenbelt,ND, NAS5-26369, Mar 1931. 

Ttfs document attempts a uniflad picturs of ths reguireiaents which dsSne those 
fitnedora nsoeaaary to < xiitto l op.tecraft Hkefy to fiy in the 1980's and 19S0'& It 
also provides the bssis far the davtdopmeat of a functional &zchitectura for a generic 
lObegiated command. Central, Coamunicstions and ccaputadop (ystem which can be 
a^iUed to many epaoacraft being developed in toe 1960'& 

NASA/GSFC, AIAA/NASA Sympodum on Space Txsddng and Data Systems, NASA/GSFC, Pentagon 
City, VA, Jnn 1981. 

This document contains only thcoe pepere which were prepared by the authors in time to 
be peepiinoad for the Sympesiuffl. Toa articlss are inclmtei. Some tirinn are Miedcn 
Central, Grcund-to-Gicund Coamunicadons for Mission Si^port, NASA Aedvidas and 
Plans, NASA Tzaddng and Data Aoqirimtion in toe 1990'% De^ Space Pro^Jects in Japan, 
and Cenaolidadcn of NASA Tniddng Statiens into a Single Ground Ketwodt in tha TDRSS 
Era. 

NASA/GSFC, Systems Bngineedng Study Sumaiary Report, Computer Sdence Carp., 

Gxeenbelt, MD, A83-O-17301-0S, Jun 1981. 

This document aummadzes three system engineering ffaidifle performed at GSFC Code 511. 
Tnr»^irfgri are the LAN Requirements Study, the KCRT Replacement Study, and the MSOCC-1 
5-Year Tranddcn Study. 
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VUSk/GSPC, SysitessB Test and Operations LtegoegeGTOL) User's Guide, Cooputar Sciences 
Coeporation, GzeeobeltvMO, SCPB I-82-008, Aug 1982. 

TUs d oCTi r!w»nfc the usage esd Cunctionsl c apahiUt i sw o£ the S^eteios Te^ and 

OparatioKS LanguageGTOL). It is darfgn^ to eesisfe STOIi u san> in the fiindanentals of 
STOIt ts pxov^e the <nrm»’ni;t tim pec'saMry to p etf u c M STOL hincdons in 

m online e nvi ionaaot with a uMbad c g i \ x n d tsdu* 

NASA/GSFC, Keyboasd/Crthode Ray T»i» (KCRT) RepHaceaent Study, Ccoputar Sdenees Ccep., 
GxeenbeU:, MD, NASS-24300, hn 1981. 

TUbi woddng paper rontalwi the ioDotiisgt a d • ^‘.’nination of the cumat and future 
BagakemeatB to be aittjaed ly tha RCRT uaJls ju tee l^ORa^ a aampCs survey cf the 
kcrT g-^’icet , 8D eauaioaticQ the various optLons fis: tia toplomeotaKSon of 
new KCRTs in ttSOCC environissntxv and an eesosBmsnt cf the is^>act3 of RCRT 
replaceoenC on the axlsClng KSOCC—1 hsrdtmre/aofCtfaro. 

NASA/GSFC, Opsz&tional RoguiteinentT Stody far the Arstoaitod MSOCC-1 DOCS, Coapoter 
Sciences Corp., GrassbelC, UD, KAS5— 24300, 17408, Jun 1981. 

Tifa dTCUQsot t^nwinjaitai the cpnracirrdl lequireaents ooa pite d by coepuber Sdsnoas 
C(xpaatioa far the propoBsal eutoaobad DOCS. This system will ba incptpoca bs d in the 
MSOCC-1 at NASA/GSFC. 

NASA/GSFC, P ">n urinary BRBS Command Pend Fu nc tio nal SpedScatLoo, Ball Aerospace Systems 
Division, Boult^, CO, HAS5-264S8, Feb 1982. 

Tha pteliminaiy document fca: BRBS command pend gpe cift catf o r . oontedning fan s - Hcn d 
iBgafaements and g»mpSe layou'ea. it Is currently being reviewed by the Human Pacboss 
Group future reesardi on ti» speciScsticno is pending. Tha dCcum^it is c£ 
p«rttnnt,r- j nt »»TTvit bo NASA/GSFC psEsennd, especially ERBS Pucrject stafL However, 

Wvgr» inteiQGted in immmand p»nr»i tnehnetoyy and layout in general may also want to 
zeviaw this. 

NASA/GSFC, Miaaion Opcaatiens Plan, ERBS, Ball Aescspsce, GDeau*lt, MD, BRBS-011,A, Jan 
1982. 

TMs document provilos the NASA/GSFC BRBS Plight Operationa Team wi;h an overview cf 
opocations plans and teguiremenbB fry aR ^tssss of the BRES nussian. It prondss an 
overall management tevd plan that tha ERBS spacecraft, suteum^to, 

aubeysbems »d <n h» r fj n- ^ uitb saguired GSFC support faralitdpa to seet missLon 
chjactlvea. 

NASA/GSFC, Comnand,Contt6l communicatda»,«nd Computatim System Design Study, 

Computer Asociabes Tedinoilogy, Gn^nbelt, MD, MASS~2fi689, Jan 1981. 

Thb Is a psogtea report far the *C 4 Sysbam Design Study t^at covers the fioDcwing 
taekst a review cf Data Syatsm Modernization dacjmentation, an analysia ^ SM K 

s>d a deacDpticn cf the User Cooputer Iiteractive Cemenstzation System. 
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NASA/GSFCf MSOCC*l« 5-Year Yonddon pJan, Coeputer Sdsnces Ccsps., Gxsanbelt, HDy 
NAS5-24300,TA17301, Her 198L. 

This document dYcrihw the activities cuaentSy fgheduSed ficr the MSOCC-1 esviionment 
duin? the next £.ve years ta determined by a study performed by Computer sdences 
Cceporaticn. It is a transitioR jian that was gensratad to act as a planning tooL t 
o aid in the aseessmsit o£ zeciulr,Aent8 impact, to provide a basis fior the mcnitedng 
cC impHementaticn activities^ and tn assist in the rt^lnement of imptementatlcn 
achsdutea and budget estioaiaB. 

HASA/GSFC, Advanced Space Systems Automation Mextesbop, coraputar Techndiogy Assedatee, 
Gisenbslt NP, S-04278-8C, Ma: 1931. 

This is a summary ciad evalustiaa of a woiicshop on automaticn whddi was ccndactad at 
NASA-Goddard in 1981. Participants represented operations uessannel end leading 
tnehnoiogists. The intent was to promote mpsningl^ discuaden cn the issues of 
operatiorol automation in Goddard's ocrimand and ccntrol envirenmentsL 

NASA/GSFC, ERAS Misdon Operation Prcceduxes^ Ball Aao^'see Systems Division, Boulder CO, 
NASS-26458, DR«405, Jen 1£82. 

This document provides the instructions and detailed procedurts &z tte aperation of 
the Berth Radintion Bui^ct SehsDibe at NASA/GSFC, in aU i^issas of ‘the mistion. The 
ERBS/Oxhiter epamting instructions and procedures; ofassrvatacy operating procoourea; 
and ocntzbl esnter epezations p Eoced u res are axrerod. It is a highly spedfle 
document, however, those interest in atellito systems may find it usehil The 
command and ccntrol aspects of BRBS are being investigated by tho NASA/GSFC HFG. 

NES,DOC, Tzoeeedin^ of Bueuu} Fsstots in Computer Systems Conference”, Gedtbsz^ssg, MD, 
Her 1982. 

’ AH of the Proceedings (with the exception cf the opening and c3odng magiens) of the 
landmaidc conference on Buman Factors m Computer Systems are indudsd. The Conference 
was over tiuee days end covered aijt tc^cs asnmming oommands^dispilaying 
information, cognitive a^sects of soitvaL‘e,sodal factors, research metho&alogy, 
managing dialogue lareeptual issuer evaluating text alLtcm, user cognition 
teaedng humar. iactom, dstign guidelines iuaeng ctheza. A valuabJo asd timely 
document. 

dIOSa, Potential Health Hazards c£ Video Display Tecminati, O.S. Dept, of Health & Htiman 
Service, cindniati, OH, OHBS 81-129, Jun 1981. 

This report deadberf the findings cf a field investigation czirtied out *'y the National 
Institute for Orcupational Safety end HealtiKNEOSHL The investigatir.ii was conductsd 
at three companies in the San Francdsco-Oa'cland Bay area at the request of three 1 
abor unions to detennint. tha potential health t/oards aaeodated with the uea of video 
di^ilay term.ina’f^ 


295 


ORIGINAL Pi^OE IS 
OF. POOR QUALITY 


MRCr GviideUnes tor Central Roon Dedgn Revi«w8^ O.S. Nudear R«gulitay CoeaoiasLaa, 
Washington, D.C., MORSG-0700, Sep 1981. 

This cKbenaivn guidaline docuiceat nau^rfd Crom the docaaantatian fiaUotfing the T'tcea 
Hite lE3And«2 coddant Its purpesa is to ensure inpitementaticn c£ tiunan factoes 
oonddeatioRS in oontrbl tooa dsBlgn. It dav ot ae great a tt e ntion to ttn {banning, 
isviav, easGiaoeht and iepteaentiaR, cod icpoet pbBsaa of a dateflnd oonttol xcoa 
mview. Thorough oontzoL room human enginandng guJddlnea tea includod, with 
checUtebs attar eedi page lor easa of It is a cumtnt and voluabfe aouece 
document. 

NRC, Human Factoa A c eeptansa Ciitada ttc tl)9 Safiaty ptaameter Display Svtftsa, O.S. 

Nuctear Reguiatoey Commiadon, Nadiingtcn, D.C., KUREG'HiOSS, Oct 1981. 

nmf» u epoc t &r ooament. Centaina haman ttetras cnginsedRg des!go nndaw a oo e p t an ce 
davelopad by the Human P eetcam Bngineodng Branch of ths HRC to U30 in 
evaluetion dss^na c£ tha SPDS. Thaa crihftria were dsvalopad in nsr p en s a to tha 
functional dsagn ctibeda for tba SPDS daSnsd in KOREG>0S96, Functional Ctiteda fior 
Emesgaicy Re sp o naa Facilitio& Ths purpose is to identify critiuia Cor tha SPDS 
Jnatallad in tha oontetiL room of a nodoar power planti Oas of CRT dispilays is 
antiedpatedL 

HRC, Functional Ctitctin for Baazgency Responaa FacOitioa^ Nudsor Regdatory Coaoiasion, 
Niehiiqton DC, HOREG-03S6, 1981. 

DeacxibaB the and aystaas to ba used by nudsor power plant IScenaeas to 

iapiovo to oaecgency aituatiena PacOitiu indiitla the tcchn l m l report 

center, mad^ operational support oentar, end naamite eaergency operations fci cQit y , 
as well as a hri«f diocusdon of ths emergency rscpon*e ttnetien of the oontrol rooa 
tH»if cata eysteaa include the safety paraaeter display system and tha nudear data 
Unk. Together, thaaa make up the total emergency response fiwalitinfl, 

NRC, Evaluation Ctitatia for Oetaited Ccntcbl Room DecigD Review, U.& Hudear Regulatory 
ComipisBion, Washington, D.C., NCRBG-0301, Oct 1981. 

Thbi document is a dratt report fior comment oocsisting of evaluation a d t e ti a for 
MBaasing humsui engineeting in nudear power plant ccntxal room reviews 

It is the componian Kjcument fior NUREG-C700, and it details the acceptance guidalines 
fix the Ucenting of fedlities by tha NRC. Four phases of «/a1uatioa azo naceoBaiyi 
an evaluation ofi tha plan, cn*4dts visits by NRC pemtinnd, evaluation c£ tha 

design review leadts, and tinal verification. 

Nat.Rea.Ccun, Data Management and Computation. VcL Ititeues end Recommendations, National 
AcBftemy pseas, Washington, D.C., 1982. 

The Committee on- Data Management and Computation cscamines the management of existing 
and future data acquidtiens &om apscecarafit and assodatad computations in tha areas 
of the space and earth stieRces in this book. It makes zecommendatiens fior 
improvements from the point ofi view of the sdentifiic usem 
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Navoa, D. & D. Gc^^Mir, On the Eosooisy of the Huiaaa-piDcaBtiig Syatam, Psydioilodcal Review, 

VcL 86, Na 3, 1979, pp. 214-255. 

A review of the human paxxising systsa using a ubOitisa sppEoach fbs: «n«ynHm of 
B B O o uro esL Channel capaoly aodwb of infKaatlon ptooeosing are suppcitisL 

NeisBer, O, Cognitive P^hologY, Pxantice-a^ me., Engtewood ClifEsNJ, 1967. | 

Thb is a dsasic text, oiUinii^ the paaceeaee of eind ecpoiinefital wodc on the AaM 1 

of oognMve psychology. It provides exosllant coverage of tbs mstadzd and is a j 

valuahia acuice d'cumenv:. | 

I 

Newman, W. N. a R. F. SccoulL Pdndples c£ xntsiactivQ Graphics (2nd | 

McGaw-«ill Book Ca, New Yodc, tit, 1979. j 

A r i tonffif? text fas intersethM graphics. The bode is oogetnized around the tn*^*** | 

to p ic s Q& b ad e ocno^ts of oostputcT-bascd gxaphioo; software pechagesi ! 

interactive graphics; raater grrphiss; 3^Hmenda^ graphics; and grapiiics ^sterns ; 

combining haniware atsd so&wate into a tod ooffipuber*fBive 

O'NdL e. P., Bd., Coapiter-B^ed motructioo, A Stato-of-the-.Mt ASKsament, Aodsmic f 

Proas, Ino, New Yodc, NY, 1981. 

! 

Thb book atterapos to pcovida an Intnltectjal ftasewoik fix caomputx aas^stsd 
instxuction (CAB xscsaarch. It includyg an intxala ctlon to CAJ; an idaalizQd 
Gomputcr-oanaged inatoictional cystaa as a ficaaavexk fix tha fiald, 

aosdBBiBents c£ hanivaiB and softvaira and of ccAicsQwazB, and nanfigestent of CAI 
pcojecta. 

PalxBX, B» fu, S, J« C ft S. O^CcEiner^ Pesrospden of Hodzxtal Alncsraft Separation cn 
a Codqpit Di^y of Human Pactas, VoL 22, Na 5, Oct 1980, pp. 805-20. 

Dcsceibas an esepadment in which subjacta weza reqaktod to whethsr on ietzudx 
exa ft would psss befiorc x afibor their own craft. DispLayod history net Improva 
psufutTiietnce, althcxigh it was dssLood by Pilcts mada fiswer when thsy had 

pcadictiva data, especially with tte predicter curved proportionally to turn ratB. 

N eit he r varying the rate of updating information cn the display &Dm 0.1 to 4 seconds 
nx varying vle%dng time &om 1 to 16 seconds psi^bnaance. 

Parsons, H. M. ft W. E* Pecry, Ccr. ects fix Command and Cxtrol Syscema, Office of Naval 
Research, Systam Desrelopment Cor^; Falls clwtch, VA, NTS #A0479368, Doc 1965. 

DcGnea "oammand ft control eirtem" by outlining a mod^ of the eaboddixig military 
pcDceee consisting of 5 functicna: sense, an^dyze, deads, act, & xmmunicatc. 

Suggests that methodology for improving xmmaiid & oontrol systems can be improved by 
ooRsLdsELng 5 "trouble-pQints”: function ft syntsm boundary inteiifiaoes, front end 
inpu^ noise-data convulsions, censideratien of the "ant-^stem", and system 
exertaaing. Urges an empiiic^ approach to the stiKly cf such trcfobJn pointsL 
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PcDOUV H. M., Mm-Machina Sjatam Experiaaota^ Tha John Bc^iSdia pcaxi, BaB±aoce,MD, 1972. 

ThSs b ocJc is tha cutcoae of a ^ady done to asaase two dacadeo of man-machino system 
tio U K xI mo nt al tt aaare fa. It dpasthen pcevjous woric in the the methods and 
poxiblams enocuntaiod. It is a v nhinhte lefaienoa document onnt-j»tr rf n «j numasoja 
qx pftr l men tor tut is asmewtot dated as it only oovezs work complsted through tha 


Pew, R. W. 6 S. Baton, Pesi^secthras on Human PerCbcmanoe ttodelUng, proceedings of the 
Conference on AnaJyais, Design and E^mluati, Baden-Bcdai,G« 3 nao, 1S82. 

Th£s paper a^gasta four actlTities for ormnideiing the rmiTthiHnw cf human 
perfixmoDce to tha orezall mnomw of coaplax man-oadiine ^stons (jja design 

stages task analysis, cy i^ lffTl i ng , fjmuTati o ii and The focus 

of tha document is on husmn peifKmance modelling. 


Pew, R. W. £ A. M. Rente, Dialog Spedficatiaa Piooedurea ecstead edition), waranair 
and Newman, inc., C a mb ridg e, MA, BBN Ha 3129, 1975. 


This dla^ js ffijadflcatlon man ual is fabandad to promote the devdepmeat of eadly 
intspstod, fidandiy d i alog ^ wa by encouraging uniformity of diateua from one 
qppliccrim to encfchsr, by e apTolting the hiH <ypnhflitiee cf peogrruamsbls ty.mi<rv«ii« 
tor cnoaong intaiactive dialogusa and providing ry ngTampiarw fi-rr dialocue 
creation and documentatLon. 


Pew,^ W., Human Information processing and Reactlcn Time, Bcilt Beewok and NewmanJna. 
Cambrid?e,MA, BBN Ha2111, Mar 1971. Bowoian,uc., 

An excxDent report tamm arixin g pt Jn dpi te a of reaction 'time &om a fectacs 

q^atem dcsigo viewpoint. Several wainiplffn ate given to iDustraL. eadi prinopLe. 


Pew, R. w., S. BdiTUi £ C. B Pc» h a r , C r i tic al Review and Anabasis of pofonaance Mcdeb 

A ip i Urnhla to Man-Kachine, Air Force OSR, Beit Bezanek and Hewmen, ma. CeuDbddce. MA. BBN 
Ha 3446, Mar 1977. ««, uun 


Rcriaws patenti aTty nalsvant models ruid idantifies fa»ijiwt in mcrisl devel^ment md 

th at m ay have an important impact on modelB for iaige-<gaila man'-autchine 
tystema Tha raview is both historical and cxcst-eecticnal; of 40 modab are 

Incdjz^ Presents a dstailad and critica l evaluation cf human petfonnanco 
ExMunae Literrelaticnriiipa aneng existing models. Td»nrifiM n^ds and gaps in 
available knowledge and techncHogy. Gives recommendatlcns for further le^aich. 


Poods, G. Km CcJoc Coding Effects In Compatihle and Noncompatibla DbaLay-CcntzCL Azzaiuem. 
Journal cf Applied Pq^chdogy, Vd. 53, Ha 4, 1969, ppt 301-303. 


Reports M espariment designed to anees the effect of colar coding in nnmrviHhTtt and 
rwncompatihla display-^xntroL ammgeinenta* Colar coding was found to be effective 
wt^ dlspLaya and ccntxolB were noncompatdtOy arranged. Color coding had no effect whs 
n displays am octrois were comp a tibly azzangad. The results support the importance 
of compatibility in di^ilay-ocntibl arrangement. 
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Pdnoe, M« D., Intogn tgd Itissfisiyn end CcntzrJs Dedgn PActxss fior the I990*s Trsnspoct Aiic, 
Ii<x:)(i)eQd-<;aoi9ia Ca,£}ac1zoaia> Disr, Hazietta, GAr TIB A 81-30338, 1980, pp. 1082-89. 

H&^moed flight: abatioQ ocDoopts utHtging integzstxx! dSsgLa:^ oDd osntcoSs will ba 
necesaacy in ^ futuro end p spsr cuggiacts four fs a^ z m which infhsnco thn 
design of intogzatad diii^plnya end ccntzols: tha mifrinn and ibn onvircniaent, tho 
^stsems environoant, ths avnilabOity of tsdinology and hus&an 
chanictszietica. 

Pdne, G. &, F. N. Biod. £ P. Busch, Peylond Opamtions CcntxoL Center Netwodca Misaicn 
Opecatioos Room Stvdy RepOr Compute Sdences Ccspocsdcn, Gznenbolt MO, HAS5-24300, Dec 
1978. 


The report is a ZBqukBmenti study for a MASA-Ccddasd nd&sion c yxffatknc room (HOR) in 
a POCCNET asvizooosnt. 

RaloS, J., VDT'a Tho European Espertence, Sdonce Kewi^ VdL 120, Ha 9, Aug 1981, 
pp. 137-43. 

Report on eymposiua on VOTu end the vision of vod;eza at tta Hetional Acsdany of 
Sctenoea Eurt^aan xsssassdbsm Isad in this sraa of invx^dgation and hsir ves&erch 
a^geats that VDTs aso not ta benign as thoir peomotars cZata, Gzandt^san d»wed a 
statistical coarJation between VDT qu^Qity aid fatigue. Ostbozg reposted on temporary 
kas of visual acuity. Hdder Ibund oich tempacazy myopia to ba influenced tOso by the 
color of tee disp^. 

Ram^, H. R., M. a Atwood 6 P. j: Kiztiibauo, A Critically Annotated BihUcgraphy of tee 
Literature of Buman F a cto a in Com, Sdance Applicaticna^ tea, Sngla%rood, CO, Nns# 
ADAC68081, May 1978. 

This annotated hibliogzsshy k a oompanion document to Human Factosa in compute 
Systemss A Reviow cf tte Literature, by ths cema authesa. It contains 564 ettbies 
ranging fcom hardware and ocAucse occtidezaticns to procedures It is a 

very valuable scuzoa document from tha tuzaan factecs fiaiil 

Ramsey, H. R., M. B. Atwood a J. R. ffiDoughby, Msa-Machine tetczfaos Ann^tils of tea 
Flight Dedgn System, Sdenca AppUcaticna tec., Eiglawood, CO, SAI-78-039-0EH, jun 1978. 

A brief, broad human f&ctots analysis of tee Flight Dedgn System, a oomputer aoftwaze 
system foe xrss in Shuttla-CT flight design by tte Miisdcn planning and Analysis 
DivisLcn at NASA Johnson Space Centec Special attenticn is paid to support of a mixed 
Staff of englneexs and tc^uiicians ca tho system. Specific zecommendatiiQns are made 
£br devtiopment of dear and mHAhte convexaations with tee competing c^fstem by 
different ctoaea cf iCTeca. 
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Rfimaay, H. M. E» Atwood & G* IX CampboiL An AnsJ^sia of Scftwarci Design Mcthodologieg^ 
ARi; SdiOtico AtpUcationfl^ Inc., 7R 401, Aug 1979. 

DefCTiberf and at a high Icvol several RoStwsCT dev<aIop(nQat tachcdquea cod 4 

formal cethcdotogiea Structurad Dcsiign, Jackson's^ mtsgxatsd Softwaro Development 
System (Higher Order Software), Haznier^s Logical Ccn^^sucdon cf pxDgxaoe. A good 
aaoeesment of their etzongtha, weaknassao, comisorvQlitlss^ and applicat^n 

domains is mads. Idagtiflffa savezal human fs&ctcES defictoistea and prohbms %rith 
these meOioidtogiens. 

Ramsay, B. R«, M« It Atwood a G. D. CampboIL Human Factcza in Computer Systems: A Review 
dE the Lfeeratige, Sde;ioe Applicatlcna, me., En^wood, CO, HT15I ADA075G79, Sep 1979* 

This technical repoet presents a crtdail ouUina and summary of a thorough review c£ 
the ateratnee in area. Tha purpoee was to as^es the oorzent ctuta cf the 
knowledge and to determine whotner that teowlsdge is sufSedent to ai^pcrt tha 
developaent of human fiect o m guMslines ibr the dbdgn c£ intezactivm computor 
aystema. Tepios incUzirc uz:ar and task prcpertJfffl^ toquirementa analysis mathods and 
problems solviDg ait^ interactive diaJogues, input and output davices and techxsque^ 

Rasmussen, j.. Human Peictora in High Risk Tochnb^gy, H%h Risk S&fisty Technology, 

B.A«Greffl (Ed), John Wiley k Sens, Lt^ London, 19£c: 

Thb is a draft of a report to be publbhsd in ’'High Risk Safety Teduxilogy* 
addressing some cdtLcal issues in reliability va. d£k analysis in autoi^ted command 
and oc n trol environments^ A Runbor of ths concepts aro quzto genecalLaahls for 
designing ^sbems for reUahilfty and risk management. 

Rasmussen, j. a w. B. Rouse, BdL, Human Detection and OiagRasia cC System Failureev Plenum 
Proas, Hew York, NY, 1981. 

THs book imdudas aZL of tha pspezs presented at tha NATO SympoGium on Human 
Detection and Dicgnoiis of System FailuroaL A group of 85 peycbolngi^ and engineers 
oosaing ftom indu^ry, g ove znzaoct, end acodemia occivened to discuss end to g^xwmata a 
*2tata of the art" oonaenaa o£ the pccblema and solutions esasociatad with the huiiuin*s 
ability to oops with the inctossiog ccals of consaqusnoea of failunes within oom^lex 
technical systems^ Many of the artddca are very pertinent 

Rieger, C« J., R. Wood k H Alien, Large Human-Ms^chine Information Spaces, 0. of Maryland, 
Maryland ArtifLcal mtP.Higence Gxp., CcDega Park, MO, 1024 (HaS5-*25764), Mzu: 1981. 

Deccrlbcs an I-6PACE; a large man-machine informaticn *spaco* for environments where 
large amounts of distributad informaticn and tnniiA for using tiiat information must be 
ma^ available to a wide variety of users in real time. Tha X-6PACE pceaents a 
powerful uniform, and easy-to-^me face to all usezs. It poxmta users to synthesire 
infonnatLon &om diverse parts of the I-6PACE for simultaneous use cn a *dut£ered 
desktop* where jphe cun te temporarily set aside and yet remain active. 
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Rieger, C. J. 6 M. 0. Wcteer, Developineat & ARJlication of Natural Human-to-M acWne 
Interfaces for NASA Mis, 0. o£ Marylani, Compii^ Sdence Dept^ College Fade, MD, 
ta^uiical peopesaL 

A renewal pcopoeal for continued ressfizidi and ^development c£ the I-6PACS, a 
humanKaachixie interface system fGsr large-ccale, real-time information opsces, 
fpoisoced by NASA GSPC. The p E OJact is aimed at the real-time acquMtion end 
cynthosb o£ infocmatioa ficom diveiae, eftsn gcographicoEy dfstributod oouresa The 
msr is given tha of chmtcred of powerful windows through whirdi he 

can lode at data that may be dai^ping in xsal time. Quite tixjught provddi^. 

Rogeta, J. G. 6 C* 0. Pegdon, Poematting & Organisatlcn of a Human B n gi n oaii ng Standard, 
Buman Psetoss, VcL 19, Na 1, 1977, pp. 55-6L 

The artidja a dstaOad analytical leviaw c£ two odsdng gcFyemment huir^ 

engineering end the results o£ a ukst survey on huxsan engin?^dng standards 

The review revealed fonaatting and csg&nizationsl pncMgmw in enzent h uma n 

Which dotzsct firom thair utQity to the designer; Problems 
and recommendad onlittfonB ace pcoesotad. 

Rogexs, J. G« 6 R* Amistrong, Ussr of Human Engineering Standards in Design, Human Faetzes, 
VcL 19, Ka 1, 1977, pp. 15-23. 

This study evaluated the impact cf human eoginsering standards oi product designs hyt 
a oompasdson of two displays deigned to the same standard, an analytical ofvaluadcn 
of two cchting Gtandac^ and a furvey of standard usami The study oonedudas that 
^ .p r faH ng to hcve littla eObct on product design. Likely nsseons 

dofidencbs in tha standards, education and inteidfedplineuy 
communication, as well as dscagnac pcefdxsnceu 

Rcu», W. EL, Prdblsa Solving Peformance of First Semester Maintenance Tzainess in Two Pau, 
Human FactocB, VoL 21, How 5, Fab 1979, ppi 6U-618. 

Tha article dssctlbas an expealment in which 48 first cemester trainees in an PAA 
certificatB pcatldpated in an escperimental study c£ trouhle-ohootirig of two 

different types of graphically dbpJayed nstvroxjcSi Effects werei netwerk dre, 
redundancy, fieedbaeJe, oompater-ciding and training. It was found that parfiormance 
degraded as network dze inczi?eoed, degraded as the level of feedback was ic d ucai, 
improved with oomputer-eidlng, and that skills developed with aiding trans fe rred to 
Other taskai 

Reuse, W. DL, Design c£ Man-Compotjar TrtbsrfsceB for On-Line interactive Systems, 

Proceedings of the IEEE, "vd. 63, Na 6, Jim 1975, pp. 847-«57. 

The paper integrates a vide range of material into a conceptual Azuctuze for the 
design cf huoan-oomputcr interfaces for cn-3ina interactive jystems. Typical rolfis 
for the human in hui^an-oompater ^sterns are considered. Sui^estiora the design cf 
systems are devdopcsd in dincuasiona of displays and input devices, visual information 
processing, and mathematical models cf human behavioc 
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Rcusa, N. Bb, Hunum-computer ateragdon in the Ccntcol of DYnaolc S^^tema^ Coaputis^g 
Sum^ VcL 13f tia Mar 1S81, pp. 71-^. 

This articla is a i^fview c£ pectinent iftorataxe and c u rs ent nssssodi cn ocdtea cC 
tsioan-cjomputsr intsractlcn in tba contzolL cf dynamic systeaa wd tha pxtUaiss c£ task 
allocation. This ia a cocpcehssslva treatment cf tla oobrjact ciod oskoa a gcod tutodal 
cn man-pachina isues in autoraaftad oomnand and ccntxoL sttoadona. 

Rcusev W. SLr Husoan-Coeputar TMaanctiot. in Mulifca^ Situsdona^ Txtszs cn S^ehslaav 
Han 6 CybszRedai^ VoL SHC-7, Ha 5, Mi^ 1977, pp 334-392. 

Bunaz>-oo!Bputac inbaeacdon in muTdtfiric dactdoniBaSdnj eftt^dona is ongjddered, end 
It is p copoe a d that human and coaputaa havo oradsipping nwponrahflity. Qusuoin? 
tfaecxy is empiojvd ts codaL this dynamic eppsoach to dta cdlocadcn d s ssjpo Ki t n^ S^ 
between human r~jd ooiqpitbca Reaalm c£ riaulation cggadmsnts azo v&d to iHis^zate 
the eCCBc t a c£ tsvesal ygriabuss inrlinisgt nnpbar cf tc:£^ mcen dso betenaso 
accLvaid of actiaor^rckLtg events, tsisan^coc^iutsr ^pesd, pscbstdlity cf eczee 

Rouse, M. Bl, A&ptigQ AlkJcadoQ cf Dedsm Making RespensibSity Between Supervisee & Ca 
Mcnitaing Bdwxvior a Supezvise^ Ccntzol, Pleiaia psses, Haw Ycdc, NY, 1976. 

TUa ardcTfw aiggaet dynamic aBocatico cf tsia bsttnn human and caoputar in oentzoL 
cystams with multitrFdt envizoaissQts. A dailadcn udng qveusing thecey is cfcacrifced, 
pEcccqubitns to the zssl-woxid zmaiisadon sro oosdd*agd, end two laboschcay 
<9lpedJ9^StB ISSHB <3i3cus&oda 

Reuse, If. SyatBOS Bngineazing Models c£ Qumazh-Maehins m tase gd en, Hceca BcSland, Hew 
Ycdc, HY, 1980. 

TMs test is an escoeHent csfsccnse txsxt and iiztzoducbcey tutcsial cffnrinj a %dds 
vsdsty of mathematical toc^ which are useful in ana^fsing huzaan-oschixis intaezaeden. 
Topic ineladct oadmadon thscay, o si tEoI theesy, qo^islng thaoiy, dizzy sst thsoey 
(xoduedon cystema pstbsm mcogniticn, end Mazht^ Chahsx 

Reuse, M. Bk, Pichlem Solving Petfistnance of Maintenance Tzainoas in a ?&u]t Diegnea'o Tzidc, 
Human Factois, Vcl. 21, Ha 2, 1979, tp. 195-203. 

The articla daoadbea an espsziment in whldi 40 FAA csztificata pEogcam trai n ees 
patde^ted in a ^udy to evaZuats tzouhte-cho^ing c£ gnaphimTly di^ihiycd 
netwodca. Effects were netwoiic dzo, computer aiding, caid trailing. Performance 
degraded as networh size inexoesed, impsoved with the use of computer aiding, and 
ai^is developed with computer aiding that were tracsfzxzod to the U2»idsd fiitiMition. 
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Rtififoer, N. K, Human Factscs in S^'steffls AnaJj^r IHBB Tian& of Sj^tems^r Man, & 

C^xxasdciV Vd. SKCU, Ma 7, Jul 1961, eV* 509-514. 

to en understanding oS occteapocsry eystema dssign and anaisds it 
fl j'pra.-tj.Hrtn f£ the epistefflological end cultural canstcucts that candliicn and 

Um saun^tivo bacJogrounfi of oar knowledge «oi oriantation. m aich a 
oon K. irh thio fi^r^wna qq how ttie tsclt diosnaice) and ti)3 vary 

pimas^ o£ pw rrtT*'**^ *m na» r»- and impact upon aystrjca aoaij^sia^iow in an integal 
of living ofsboaa and dynamic eysteas, "soft" hosian fisctoes inttfcoinect with 
"hard* acknoe « technique. 

RutKfifcsnz, J., M. P. Coilquhcun 6 p. Rnauth, ■Boss of Node and Shiftwodt", P r oo a edl ng s - 
6tfa Cocgiea Eagonomica Aaoc., Jul 1976, pp> EI«V-UL 

i ?tmi. H>% time clam ants of a wetting day, the (htfwdnn of woddng time and the tLoo 
pw«itrt<Wng of woddng ticie ore oscsidersd crgcnomlcnTly. Sescs^!, tits xsssono fo? 
etiiftwadc, cifEiseisit types of shift wedt es weR ta ^Sact on h aa d t h and family and 
nwHai iifio aso diocussed. Finals, p^chdlsglcal erfreria fimr op t imal shift 
achedutes are presented. 

Sage, A. P., Cehaviotal & Oiganiz&ticnal ccocidstaticRS Jn the Design of mfonnation Syste, 

IBEB Tisna. on Sjstsaa, Man, & cybemsdea, VoL SCMll, Bex 9, Sop 1981, 640-578. 

Rook%» ^oS. attempts to i nta gn s t e the litstatuie ftoa raasy atoos having import far the 
Awig n of os^xsit QctsB& ThstB 809 415 tsfercinoss dted and a<st cf the 

■iiw p oirt- ji ri t ones are ddeoassd in the tost. Sage zsviawa cognitive ctyla and h»tiftan 
4pfi-gnu»Hfin peocoslDg in decision naldng, drgf/iton lul^ oe nt i ng aoey m o del s of tadc 
stzuctuie, and feaoewodes & crgaoixational ea tringa . 

M. 6. 6 R. Hi GeiselBaD, Oevelcpisg Guidelines fix Suncadsing mfionsatioe, Human 
Faetds, VcL 23, Ba 6, 1981, ip. 727-736. 

Reports a study cenduetsd to tsst the validity and genandiiafaQity of psevkusil/ 
doveloped guidelines fix Gummadsing isilkasy asasaga c c nt g n t, The te^ icq ui u od atafC 
to eummadze mccasges; these oimraadea wans that evaluated by tstea 

. The aimmades prepared with the guiddinss were judged to be bett sr m m iaaries . The 
ff jtww- wttwi sumnades were v w?d to dariva a gsnaal edten a fix < leffrrih i n g mesBage 
oonteobs. 

Samet, M. G. £ R. B, Davis, Coaputer-basad SvparvisoEy System fix Managing Iftfixmatlon Plow 
in C3 Systems, DARPA, Pest^franics, Inc., W oo d lan d HiDs CA, Hns# ADA040359, MX 1977. 

Pssgnaas x wodc ocncxning x the demcnstxsdan c£ a qiatem of integrated on-lina 
ad/ptlva UQ 9 T models designed to and pace infiomatdon in a 

WmtiTit^ command, ccntool, and rommunication cyetem. Tbs repxt inclii d a s a human 
fc/’j-rim ficT improving data flow in C3 systems; a dssedptix of mods 

tD ths Tsctical fi Nego^tlons Game; and ths ocnceptual spadficaticn cf a 
Boal-tlme oosputsE-fassed modal fx automatically adapting message pacing rata to the 
ueem 
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Seebeiger, j; J. & W. W. WJervills, Estimating tha Amount o£ Eye Mcvement Data Required fior 
Pend. Design ft Human Factoo^ Vc2. 18, Na 3, 1976, 281-292. 

PcBse n t a a procoduni fix estimating tte amount c£ eye mo/ement dete requirad to obtain 
a Gpedfiied atatistical eocuiscy vith a given dsgtae at co nfldgn oe. Xt li appUcsbla 
dien eye movement statistics ate to be used in panel redesign and instrument plaoen 
ent. The ccocedure aboold be iCTMcabte to a variety a£ human fisetoa dsdgn pxibl em a 

Seminaca, J, L., If. R. Genzdes ft S. O. Eaacsia, Homan Factora Reviat# oC Nucleac Power 
Plant Ccntrol Room Dezagn, E^ctrio Power Reosard) Institute, Palo Altcv CA, EPRl NP-309,501, 
HK 1977. 

This h the suramcry document that precedod the EPRI np- 1118 study on human fiactsB of 
rBv-if»wr power plant oantxd cooa& It oend^ of a survey cf live control room 
rimninfraw thsir oocxesocndUng operational plants. Several human ftictaes prcblam 
areas were idzntifkid and fiituns shaiy needs were suggeBted. 

Seninara, J. L, W. R. Gcnsales ft S. (X Pozona^ Human FactrsB Methods for Hucilsar Control 
Room 0edgn,VdL3dF Methods fix, E b eUde Power Reeaardi Defituts, Palo Abo^ CA, EPRI 
HP-1118,501-3, Feb 1977. 

Tl» vbluiaa of the EPRI NP-U18 «w.r«pwt oendsts of human factoe s methods for 
oonventLonal ccntrol »w»tI dssiga. Analyses cf ccntrol end display reguirementa 
(a. 9 . ^tesa aoaJyda, fianction, and te^ analysis), human ecgineccing cf convo n tic nal 
cxntrol boesds, warning astern design a{pooeschoa^ and oonti^ board design evaluations 
ace tin ttopica dj acum ad. 


Seminara, J. L. ft S. O. Ptxacs^ Human Factcra Methods fix Nuclear Ccmtcol Room 
Design, Vc3.2:HF Survey of Cent, Elsctzic Power Research institute, Palo Alto^CA, EPRI 
NP-1118,S01-3, Nov 1979. 

The escond voluma in the EPRI HP-1118 saries fiocusas cn a human f ac t oo airvey cf 
n >1 n-iom dasign pcacticost Tha methoddlogy used in tin aovey was a thirt/>^em 
Stzuctured Intsrvisw fhrm, (dong with biogrsptdcal gtesdons^ both of wbidi ere 
fafiiriad in the Appendix. Control room c o nc e pt s and dasign p coc a saes are d n eu aes d 
and a dsdgn teviaw and evaluatian is included. 

Seminara, J. I.,, S. O. Pmaens & If. J. Schm^ Human Factora Review c£ Power Plant 
MaintainabOi^, Blectdc Power Remarcfa institute, Palo Alto CA, EPRI NP-1567-SY, Oct 1980. 

In teapona e to EPRI NP-309-GT and EPRI NP-1U8-ST, this study was undsrtoixen to 
oamine plant and equipment dsdgn in terasa of maintainability from a human factora 
pcTBpectivaL Mine existing were surveyed, both nuclear and fioaal fuel 

plants. Tha methods used to conduct the study Include structured interviews, 
checklist guided chservationa^ task analyses; photodocumentation, and maintenance 
ecror analysis, among othsia. The results indicate a variety of human fiactos 
prableas present. 
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Seainan, <L U, S. R. Bdcsst fi S. Sddenstein, Busan Factssa MethcidB fisc Nucisac CcntcQI 
Room Deiign, Elsctdc powar R«e»acch modtuta, Palo A£o , CA, EPRI tlP-UlO^, Jm 1979. 

Ttate ii aimsaxy tspozt of tha Slscttic Po>rer Reraerch codtuba's Ptojcct 501-3# 
aiaaudising fiour voliuaes lisbad haze individually. Thn etudy dacumgmted hustan ficctosB 
techniques isquized to ptovida a aaftainad ccocom fisc tha oan-oadiina intarfiaoB & 

OB ccntzbl zoos conceg t dafimtion to systaa is^plesentatLon. 

Seminata* J. L. & S. IL Bdtezt# Buaan Factao Method fix Nuclaar coitzol Room 
Design, VoL4;HP ConsidezatioRS^ Blsctiir Powar Reasazch Cadtuta, Palo Alto^ CA, BPRZ 
ttP-1118,501-3, KK 1980. 

The last volumo in tha BPRI KP-1118 aariea deals with human &ctos cenddezatiena fix 
advanced osotzol bo&sd des ig n . Sevaeal topics tan adzeaaadt lafiocQaticn accessing 
achemes, system pazaiaahae» iafiozaatian coding, display fiessatdng, edvazicad 

wazning ojstaast, titocfooa hardware, and hyhdd systama. A atmiaazy. o£ this and the 
pravio^ listed thzee vdiuaea can ba found in document BPRI BP-lUO-sy. 

Seminaza, a L., S. 1C. Bdxzt 6 S. SeidsnXaln, Human Pectozs Methods fix Kuclsac Cxtzol 
Room D^ign,Vd. liHF Enhancement, Bl»:tzic Power Reeoazch ttstitute, Palo A&o,CA, BPRI 
NP-1118,501-3, Nov 1979. 

This b tha first voluraa of a onlss efi evalustLva tsp oz ta on human fisetozo in nudsar 
power plant oo n ttrel zooms pibteh<-J jn zeepnxa to CPRl 1^399, a hui^n &>ctoE3 asview 
hi esdsting power j£snt control coooa Thb rg p xt cenddaa human fioctoss 
enhanewsenta of estbtiag nuclaar oontzOL ma s s} board enhsncaaent pcrrildlitina, 
mon g a n iiatioia of edrting ocntzol boaida^ sad an in-<^pth lock at tisoe human 
fiseta enhancement eetaeplam 

Sendees, J. W. & H. j: M. Peensr, A Quxming Model o£ Monitoring a Supezvbxy Bdxvix, 
Monitoring Behavior and Sapsevioac^ Ccntzol, Planum ptosav New Voric, NY, 1976. 

Tha azticb zovisws modals to calculnta the staffing tesquizements and teliehility of 
the huButn-oachina teasractioa in automated control eattingm The azticle is part of a 
ohaptar de v oted to pcavbw modab of tha human/mcnitot^supervisac 

Shaefcel, Bl, Ed, Man-Computer totaractient Human Factoa Aspects of computers and People, 
Kluwer Boston Inc., Bingham, MA, 1981. 

Tha boolc b based on papers pcesented by invited apealccia at tha NATO Advanced Studim 
Xnetituta on Hsn-Coaputsr bitsEactlon. Papers addr^ topics including: convxsaticn 
and communicaticn between peo^ and cooputea^ gpec t a cf hszdwczQ ond aaStvsra 
intaifiacss^ training and fdneatim, a::ganizational and managerial issues^ modelling 
and pcoblani solving, designing for spodialist iwera, and evaluation. 
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Sheridtn, B. & M. r. F«an»2L Maa-Mcchine systeact mCogiaadcn^ cmtr^ 6 Deddon 
MdteSi of Bui&an pgrfotna» KIT pxaea, C&olsdd^a, MR, 1981. 

K haevily aatiisoatical tsst. Tha natute aad ocndmienB of oodeSs of lusoo pcrftmaanoo 
dtdvsd 6coa infcroedon ths»cy, coctsiA ttjsssy, eafi <laddcn ttjsosy cxq dsv^lopoSL 
Tin concsn b tha dsvdspeant of eatfaaaadcal Bodali to {SR^ict'biBsn bohoto ia 
control sausdomL Tcpio indiaSat infcsB&tieQ ffiaaaisu3es& esd 
channels; centinuauB Infocaaticn; qusd-Iioscr cortml oedab in tfcs fasiiuaRcy dooaini 
narilinser parforaanea chaasgtoiiatica; sigial dstocticQ; fbmal 9asK& 

Sharidan, T. B. & G. jehannaan, BdL, Mcnifcndnfj Dahsvior and Si^oeviscKy CcstsoL Pkmm 
paaBB, Haw Ycdc, MY, 1976. 

This text b ths p oe caa di ng of toa NATO Ccnfawoca Syapodua on Monitosing Dahsdoe: 
and SupervboEy control. It con tains C£ny esesQAnt, ctata of tha art pspsts 
oauaimog tha iasiicatioaa at iatzodhxdag berafiaad autoaation in tha cocraand axd 
oontcoil caviroQmeot. 

Sbazr, S„ Bbctxxs)ic DbpZaytv Joia tfiby and Scsxs, Hew Todc MY, 1979. 

A highly technical teset focuebg m ths i^ec trcni ca end tho physics of dbiplay 
dcvicca. A coapitdicnlva soev^ of cvail^bb elsctrcnic dl;^play drvioss and thsb 
chagtctorirtAca Tha first dhEptsf psovidsa a technical dborsicQ of huaaa prrqptual 
fiactCT end vinud. panuaotsot cad thsir eigniflcrnca to dlrp^sy eyctoa pszfbmacca. At 
tirasa, zccoaissndatias end Esgidreaents oiggcsts^ fcy Shore exta eZ aSsJa with fiaflar 
gobsliaca in tha Ataattorok A ebcog esphssia ca tha dbpLay of nlghaniarfflriflai 

ft 

StsMidaSBen, BL, Softwata Peyehalggyt Hiuneo ractocs In Coeeputec 6 IcSocsation Systsiaa^ 
Minthxop Ptedbhars Xnc„ Canhridga, MA, 1980. 

A fleminal work in ths eppUcaticP c£ pzychobgy to too toidf of ceaput'er;. Surveys tha 
litecatuxa end teuxs tha cooputing wodd £eoa tha pezpsctiva of irtor 
pqfidxflngical gvestiena to bo pes^ jDacluda that exAivaidea Sx a p^yonclggicRl 
^ipcoQch and nsaand'. ma t h od s , psogsuataing as huosn pa:fiBBiaoce, pr.ymnBing styb^ 
aeftwara quality evalueticn, teen tsgaaisetk/i and group pcoos a s t a^ datsbcca ^fstxtsui 
and data ssdab, databess qiaxy a nanipulatinn lar^uagca^ & intaractLva intarfaca 
kaiao, 

Shnaddarman, 0., flaidwaro opdena, Bvaluation Hgtrlcry c a De^gn Soqusnea far bberactlva 
me, Xnfazoatica & Mansgenont, VdL 3, 1980, pp^ 3-16. 

This atticb b adapted teoa Shnaidanaan's Softwena peychology. 
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ShoQtZf t}. O.T 6* Ar Tciboi 6 L G. HHUans^ Color Codlc^ fior TnP<nrm>^H<ir> XiOS&iiao« Hunan 
VaAosa, Voa. 13, Ma 3, 1971, 237-46. 

Tha findKo^ in this sbKt^ intBcata color oaSHtoi tss infscnation ’lot^xHrw ja 
efGscilvs. Search tins g 3 aubjocts viewing achxoaatic veism chscaatie g'itpi uecs 
er n lu nfaA The e^EsctivisKes of ccilor ^i^eaa dependent on ti» nunbar c£ categedas 
oo ded , dinerinrin abiUty in poe ^ienl visbtzi, aad k^ping tha number c£ 
dbjocta per cabagoy ct or belav 11. CoZora be sdacted on tha thak 

dSaedninobOitY in pezii^eEaL viaLaa. 

Shoetdef^ D. A., Bow to Make OiaplaYa Legible, Buawt Lntetfaoe Oeeigii, La Mirada, CA, 1980. 

An interasdog and eeoent atody of hardware and software tY^^******”” required to 
enaure Isglhfl i ty of ootaputeC'ganemted dkj^ys^ Ccnductad by Mitre toon 1961 - 
1975, tha re p or t inciudBe a discaaaai of luninance, akoka width, hsighb^o-width 
ratio, and r^sboL hsigbt 


Siegel, A. L & J; <L Hctf, Man-Maddoe Simulation Modsb, John Milay & Sonai Tun, , tlew 
Yak, NY, 1969. 

A dated bat cdU valuabb wesk. Tha authoes a toUa u t sod present tbs of 10 

sears o£ teasarch and modelling 40reetsd to tha daveloEstect of quantitative »p«»hyrfq i»»w 
Ibr altermtive ^feton ovalustlm whsn peseonnsl psifonnance and interpacsonnel 
iFlatirnati^ps are cecojnisod to be of icpostance to total system efSactivenesii, A goal 
cC t h a n a cwdels is to psodict s^Btoa efficiency lavela under various cenditione tiwfc 
affect the pstLxsaancs cf the Bso-aadiine ^stsn i nv o lv e d . 

Simpeoo, H., A Eoman-FactoiiS S^:te Guide for Progtsm Design, BYTE, kpr 1982, psx 108-3L 

Tha important issue a b nage a d in this human fsetOB articla ia to take the user jnto 
account wteo dreSgrdeg software. Specific ^bsign prtnHpifflii osnticocid ineliri«H 
pxwide feedback, be consistent^ minimize human memory demands^ keep the peogrrua 
dmpls, match the pcogcam to the operatotia skill level. Further guidelines 
ooQcontoate oi dsto entty and display nmw g design. 

Sinaiko, B. tf. & B. P. Buckley, Ed., SeSseted Papers on Human Factos in the Design and Ose 
of CentitiL Systems^ Do^er ptolicatiens ine., ru w Yak MY, 1961. 

The first pep^ in this book is a valoafa'a in tro du ction to the human fi act o ea field 
eron though it i' ewer twenb/ yeros old. The other are interesting, but 

data>d . Earf > provides an exoeDent hihliography to that point in timet. Topics incLude: 
methods for anaiyziiig ecrots, design philoRophy, sensory effects of 

aocelemtion, and meaaiieffleot of human petfaraance. 
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Sinaiho* H, 6 & P. Buckley, Huiz»n Factozs in the Design of Systema, Ih B.^7.Sinaiko{Zd.), 
Selectzd Papess cn Human Factoss in the, Da/er PubMcatdons^ Inc., New Yoejc, t«y, 1961. 

Ths human ccmpoient 6 the p to c ^ of designing oystsms is n°!viewedL Ten 
characteristics of the hun^ compcoent are .Ustod axxl dsflned (phyisical dimen^tois, 
cnpabflitigfl for data sansing, data processing, motor activitry & lemming, chyaical a 
peychological needa^ sensitivities to physical £ nodal ^ndxonmentr coocdinatod 
action 6 individisl diffen&sces) and appcopdats ^/steins datign coortd(?cationa ace 
given for each chacsciszifitic. 

Sin^tcn, H. T«, lu S. Basteihy 6 D. C« WhttflnJd, Proceedings of ths Ccnfesuioe cn the 
Human Operator in Ccmpilex System^ Taylor & Francis, LttL, Lcndon, 1971. 

Although ths text is not recent, many of tha ctnbdbuted pnpess are clnaeicB in the 
areas a£ human foctosi prindplea ^nd humaiwnachino interface issues in command and 
control Gnyironmantc^ porticulaily p rocesa control md industry o on trol roccssL To|ic& 
include discustions of system dedgn methods^ analytical tedina^a^ mctiiods of 
function alLxation, osdzods of tedt dcaadetion, issues in tzdidng, job aifas and 
maintenance, and oisceBanocus upplicationa 

Smith, S. Ik, Requirements Definitim & Design Guidelines for Mro-Madiine Interface in C3 S, 
Mitre cesp, Bedford, MA, iri!lS* ADAG37238, Jun 1980. 

Smith p ropceas a xv^quiremeats ipatrix to help ensure etihetive coftware design fsr 
man-machine intesfo:tsa. Tha fonctiooel cnpaUlities are categodzed on the teds of 
requirements for characterisdc user tsdea. He suggests that daedgn guMdinfia for 
flpedflg systems can bo tailarod using diis matrig, MiTjoL ratrhe c afaqra d en includes 
^Kl&iogua types data entzy/inputs data display/outputy sequence ccntcol; ua^ guidances 

Smith, D. C., C. Izhy 6 R. Kimball* Detigning the SUxr Jotrafeg^ BYTE, Apr 1932, 
ppi 242-82. 

The Star interface ^ an oounpte of formulating Iho U3^ oonc^fs before the 
sofovar ifzitten. Alao^ texdware spedticaticno come afterward. A methodology was 
estahlisiAi for tbs dee^S a tesk anr^uis &tinad ths set c£ ob^ctives and methods 
to bs provided by the nsw system. Tha used in dtffilgn includes univeisal 

oommeuida, ocnsdstency, simplicity, user tailorsdulity, and famfliar tfier^s ocnceptual 

Smith, S. Ik, Letter Size and Legibility, Human Factors, VdL 21, Na 6, 1979, pp. 661-70. 

ThLi study on letter size and legibility covered 2000 me^xaures far ever 300 printed 
displaya. R malts found a mean lattr^r height of .00019 raa (7 min) at the limit of 
JegitHity. There was 90 % legibility at .003 rad. This data auppoits current 
stancUuedb used for letter size. AdjzitinGnte might bo neceogary in certein 
drcumstances. 
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Sndthr S. L., E±, Human Irtaractlon ffJtb Conputst^ Academic Fisav BJO, New Yede NY, 

VdL 21, Na 6, 1979, pp. 661-70. 

ApplicatioRS (£ scdcilogy tz> oompudng. The first aectiaa looks at genozd appEoaebse 
to the study c£ paopla-csientod computer Q’stemr. The aecend is concsened more 
:pe<dfically with the techniques that have been adopted in a lu ’bsr of applisatim 
areas. The third section turns to the nuts and bolts of computing, the progzamoLig 
luijuages^ to cen^der how their daagn and uoe could be impeov^ Sampite chaptsrst 
The Human as Systems Componentr mSogmatlon Retrieval; programming as Cognitive 
Activity. 

Smith, S. L., Man>Machine aiterfaoa Reqdbeuents Definition and Design GuidhUnes Ptogroa* 
The Mitre Cocpi, BedSood, MA, NT3S* ADA09670i, Feb 1981. 

This nspocu extruvls the trade of a prsvious report a d d n wifn g the need for man-machine 
intexLice roquiremeots definitfjm and guilslines in the dbaign of oon p utor-baaad 
infocnafion tysttsma. Over 400 guidoUnes ere pceeentod with eppo^idate com m e n ts. 

Areas covered Induds; issr duracteristics, tadc ana^aia^ fimcticnal espefaOitisa^ 
data entry, sgquonce oon t xa l, and oentinuad development and appUcatian. 

Smith, H. J,, D. G. CdiCO 6 L. N. Staomszjdin, An investigation of Henlfii Coa^cOaints an;* 
Job Stxeaa in V^bo Dh^y Opsi&ti, HUJcran Factees, VoL 23, Ka 4 , Aug 1981, pp. 387-400. 

Part c£ the KIOSH study, this study re |) o r t a on the results of a questionnaire survey 
dsallng w^ wofidng ccs^itions^ tftr e ga fsetezs^ haaBdi conptadnts end 
poydxilcglcal meed s ta te flh«»d out by 250 vdt ^xstaton cad 150 non-VDT operatoia^ 
Clerical VDT users repeated highar lavola cf jcb Otreas and health complaints but 
1 <w<» dlfCsrense in mood hmh did psofeaBional VDT opgratcra and fiia ouiUxi l 
SiibjactaL jcb simfsem efaotred greatest impact cn clerical operatocy 

Spencer, R. A., 'Men/'Mechine mterfaca Censiderations for a Teleopeaatos: Spaoeoaft Control 
St", Pnsceodings - 17th Annual Meeting oC the Humeui Factara Society, Human Fautura Society, 
Santa Monica, CA, 197? *<p. 326-333. 

Repods on the design, mockup, 2 »d evalivrfdon by simulation c£ a physical 
configuration fior a Telaopetatoc Spacec ra ft: Ccntrol end Display StatLcc. A good 
arampUr foc the co)duct c£ human factors design evaluations using mockupe and 
eacparimentatlon. 

Stager, p. 6 T. G. Pedne, Separation Disedmination in a Simulated Air Traffic Contzol 
Display, Human Factors, Vefl. 22, Na 5, Oct 1980, pp. 631-636. 

Reports expettoent in which ♦*»«*"» area cxjuL-uTlftrs made aeparat i on judgements 
concerning whether displayed pairs cf aircraft were mote than or less than the 
atandati separation cf 3 nautical miles (nm). Tha pairs of aircraft vaded with 
n aa p e ct to their location, their edentatien, and tteir separation. It was fisund that 
too mean increment in sepazaticn leguiied for dfecrimination was 0.14 nm, regardleas 
of map scale. 
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StaamsrJAa, L. W., M. J. Smitli fc B. G. Cohoi, Bvalu£itjcsi of Week Staticn Design FectoBB in 
VDT Operxtlcns, Human Factcas; Vci. 23, !4a 4, Aug 1981, 401-412. 

PGSt of the NCOSH etay' r, inta d en c ii t wB sn ensits eTaluation ce n du g tad at five 

eatahlialisents tauig VD7.: .der to exanina VDT wadcstatLon dssgn. A taimber of 

dsaign pn^'***"'* veeca a«.*3uding exoemivs keybo£a<i he^bts end saxed 

paaitlaniog. A laegodty of the opstatcca fiound a numuer of factesst to ba bot hy i a oae, 
insLuding ra -n w > »n tsEsdabiUty, mfisetod glsze, scnyai bdghtOMn, and f U ctac . A 
nimber of disatisCactlaa p* mstsiB ware Sound to be zalatsd to hsalth 


Stammeza^ R. B. a J. M. CentzoiDer EvaSasXiaa of a Touch loiaiit T raffl e Data Sj^temt 
An mdelicatB" F, Human Fcctony Vol. 22, Ka 5, Oct 1980, £©. 581-590. 

p» i » en evaiuaticn of a system Sor data txsnsSsr end display Sor aiipost dir 
tmmn contxQL by cootxcQ 3 t& Tbs ^stam displays the dsta on & dngls 

ar^'esn; data and modiSLcation are dona via a touch renf.tlva axrfcce (A the 

n-m a n Tha cbj»tiLva wm to cacestain tba cgdidoca end atdbudas of ccRtxciDeQ. 

Bj^js^msttal data were gathered by qusstiannaizes and video tzpe. 

Steveia, P. 6 B. Shnsidema. ’ tz^Soimtccy Reasareh on Training Aids Sac Halve Oaozs of 
Xetuzetive Systams", Piocec - ASS cooSEncoce, Heafaingtcn, DC, Oct 1981. 

ttro erpiozzttccy .i^pedments in txaining nalvo urea of iateiacfivQ 
bibliogsa^iie setriaval eysteos. The pspsr emphi^es the methodology of ev a lu at i n g 
t raining mtfaac than vsepEdmentsd. resa£a. 

Stawact, lb <X, & D. Micphy 6 C. M. Mitchall, Homan Factess Analjada of Nodcstatton 
Daaign:E«th Railation Budget Satellite, HASA/GSFC, r-rmm M.-»cn Dnlvsslty, Gresnbelt,HO, 
TM 84943, Dee 1982. 

This tep(xt doeusvots the human &ctcos analysis of wosicstatLsn dsdgn Sor ths Earth 
R«fdation Boiget SatdlitetBRBS) Mission Operatiens Room(MOR) A HASA/GSFC. 
Pzlodples Sor wodcstatico <^ign are zaviswed; a ganstal method Sor conducting -a 
Wttkstatlm dxign analyst is propocedi t detailed ossa stu^ is glvotri 
xecommendatiens Sor cnilmncbig tt» BRBS MOR are made; and a dincunrim of signiacant 
imes is incluied. 

SugremaTi, R., Hudsar Power 6 the Public Risk, IEEE Spectrum, Vd. 16, HOk 11, Hev 1979, 
FP. 61-69. 

This articia relates zisk, human esior, and cantxcl zoom design, cites studies 
jj)3Jcatlng that tha most pccv;*lcnt c£ nuclear incidents I’eful t fiom human eszoc. 

The TKI accident is examined in detail Scorn the perspective of human and d t M ii j n 
ermra 
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Swain, A. IX, P e a exip t i a n c£ Huoan Factora Repcscts by Saadla National Labscxbadea^ Aisthor, 
Aihuquatqoa ii’H, Jza 1982. 

TUs anootatod h ! M io g t at> fay ocoCaiia 63 entzlss dacriMng tba humsn fiaetea wask at 
Sandia Nstiooal Lebotatoty. It is an rgcwTlnnt aairca dc^ment that is to date, 
and fSCFTidas a listing c£ liixd to locats technical si^xxbx To{ 2 fa covarsd iioclnda: 
zdisHUty aialysis saotbodoScgy, data coDsctim cod manztgsmcnt, bu 2 san 
poifccmaoca data end infcnaatiaa, danging poopis wosic situstionsi^ sod safaty. 

Swain, A. D., Systsa end Tzsk Acal^fste, A Major Tad for Dedgdng tie Pctaonnd Subaystan, 
Sandia Ccc pcrati o n , Alhiqiarqua, NM, Jan 1962. 

TUb doccnent diaci*^ tha fateboey of Sysbea end Task Analyses, and deSncs tiie basic 
aeOioi vaad by human fa ct om grcislists in conducting ti^ae oi^’as. It is a 
aoaawhat datsd look at tha t^iic, bat is valuobla bscaisa zels^rant i^teEatuie is 

qr>f y T¥», 

Swain, A. 0., nusm Factccs in Nucksar power Pkuit Opeiatlaaa^ Smdla National Lde^ 
Albuqiu» 3 ka HH, SANOeO-lS37C, Aug 1930. 

A highly toadahia psper dcscdhing noma o£ tha homan fisctccs isnhlsKn in nucJanr power 
fSants and tha tudinclogies whkd) can ba usad to xodiBra ths» pnahTffiaa Swadn cigues 
that many d tha da/ges to Ispacoo tha buesn fiactess cnginseting o£ esioting pLsnta 
ace expenaive and that tba gains to ba experhad in boman rrliability ate substantial. 

Swain, A. D. & H> & Guttman, Bandbodc of Human ReHahflity Ana^ds with Smpiw^ on 
Nuda&r power Plant A, Sendia Naticoal Lshx NORBG/CR-1278, Oct 19S0. 

nrwfl; Report wziSdsn to cid qoaliSsd p ya ao n a in ogalusting the effects cf human easor 
cn the availability cf enginaerod eafsty features and gyetema in nodsar power plantzu 
F«p»nd« the Kimnn gtipr analyds p tes s ahad in NASH-1400. Tnehtdss pzindpiks of h 
uman behavior and etgcnoBicB, analytical p gs oato ea^ neShetiwtical models, and human 
oxer psdmbilities d^ved fesm related pexfiociBanoe neaptiie g. The dsrlvod 
(xobabOitias can ba used to dateardna tho xelatLea merits of diffesoat nsaource 
oonfigurationa, 

Szoios, R., Practical Censidetatiens cn the Oae cf CcSor, Computer Sdsnees Ccepi., SiLver 
Spang, MD, Apr 1982. 

A brief (7-pege) t&emo providing guidance in the use of ccJac in the computer 
generation of graphs, pse-charts, and other data peessntatian& Ssdci suggests that 
odor Idghlights infbmation end ifxxild be conatrsined to that ute. 

Tabor, M., Video Display Termino^ The Eyes Have Had m, Ooo!paticnal Health and Safety, 
Sep 1981, PPL 30-38. 

This document diacuaass some cf the visual dbcomfccts aseociated with the use of VDTs 
in the wozkplaoe. Some xscommendstiens for ia^roveaent are made. 
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Teschncr, H. B. 6 M. J. Rzebs, Lam o£ tite Simplft Visu^ Reaction Time, Pcychological Redew, 
VoL 79, tkx 4 , 1972, PEX* 344-58. 

An saminatLon c£ reaction dma results to a Gash of ISgiit in terras c£ iuminance, 
duration, alee of stimulus, response to ensst verses tenaination of tfao dgnal end 
nonocular verses binocular dswing. 

Tcpmilbr, D. A., Man-Hachinc CoaiaaDd-ccntzQl-ComcnzricatiQi simulation studies in ths Air 
Faces, Air Faces Systems Coaoand, Aesnsmaoe Medical Reraaich Lab, t7zight-Pat.AFB, OB, NTISf 
AOA042148, Sep 1976. 

Reviews 15 years c£ man-machine edaulatLon ressandr in C3 systems ocnducted by AHRL. 
Dedslan aiding teehnigiea Sor tcctical command dadsion maki^ oonductad by Ot^ 

State are summarised. Simulaticns include: BlUC ID^ AH ACS, md RPVS. A comparison of 
raSuSs obtained with rxydrtirae laan-ai-tbs-loop simulaticga tuGi computer dmulaticns 
using a Syrtems Integ ra tad Ketwack of Tasks SAINT) taod^ pcedictim ate iiljustrated 
to demanatrata the power raxi utaity of ihsiating oomputsc with rool-tiQa stmuTstim. 

TuSis, T., An Evalmtjcn of Ai^hatrumeric, Gzaplidc, and Color IWEormaticn Disstoys, Buman 
Factc^ VcL 23, tkx S, Oct 1981, pp. 541-550. 

Four CRT display fbnaats ware evaJuatod for a tsdsphone Bite tssidng ^tem; the 
fbroats were: narzntive with compiete words airil p ta a ea ^ structured with tabular 
format, blade and white gzagWca cchematic, and a colnr graphics rshenatis. The 
evaliuiion tseesured speed and socutacy. Aocurscy <M not vary tdth fanaat but rpead 
did. Reepen o a tines £ae both gra^iics were ocnddscably charter than thaoo for the 
nanative. Hith prsstioe, response time £or the etructu^ fixnat were as dKSt. 

T u r teln gtoa, C., Ccaputess in Class: Hbo Gets to Loam?, APA Monitor, vd. 13, Na 6, Jtsi 
1982. 

This articla in the American Ptycbdogical AsxKiatlcn's mw^japa: addrases aaverzd. 
socird. issues brought out by inctsssed use c£ ooaputss, especially in the dasarooa. 

N hether or nch rhfldc an cf aU ssdal-eoaioniic badogrounds will have access to 
oomputers, the ease with which children learn to ura oomputera^ and ths edocationnl 
and psycholagical learning impUcations aso discuasod. 

Umbers, L G., Models of the Process Operator, mtsmaticnal J. c£ Men-HaddDs Studies, 

VcL 11, 1979, IP. 2S3-204. 

This articla pceaents a review cf the process ocntrol literature erpinring various 
aspects c£ the hunum opemtor which indude: disrecteristics cf human oontroL 
behavior, development of process co n trol skills, individual differences between 
p coeeai cpeiatc^, task factosB which affect perfocraance, aid oeganizatian of 
control b^.ayior^ The revisw caududes that an infeematien processing approach based 
cn pEDtocol data seems to be the meet &uitful tcchnigue fior modeTling the human 
proce s s controller: 
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G., Ed, St p i tpgfa a oC SnEanBatLoa Pwoessing, Acadeoic Pseae^ Naw Ycek, HY, 


An cBtodleat, broad nwiaw cf the theczy of fixr fafrgtn«Hon pEocegsirw. 

MOTnatloa preceaaliig c£ sevexsl oansoy danneb b as are several 

csognmvss betevioza^ from, a stcatagies n^pcoech. 


TOiJ^rocd, G., Ccs(^t3 in meoEmadfin Ptooeaslng Theaty, In G. DndatvrocdCEd.), sttatsgiaB 
OC i ro o n n attoi Pnxeaaing, Acodaoie pxbsb^ New Yedc,HY, 1978, pp. 1-22. 


An c cedlent iatxoductioD to i nfiaw a t lco ptv«awring ao^ the m n c ^ pt eC b 

pcDvldcd by this dis^tesc in cn exooH&nt book oonceisned with for 

in£a^^ psccesalng. The togic end writing s^3a ate sttalghtiSaewatd naldna ttib 
enjzyafaile reading fix the Isy person aa weE aa the peycbaJogi^ 


^ TaaKoc- V of Vbual Pxsoeasei^ Lawrence R i l b a um A a sod a tea^ itei^ nm^ifluu 

MJf X9oX« 


Deob %fith tha e n p dr l eal data bass and the theodse coosemii:? visual cercemtion, the 
art <£ Bental ns^jonass to phodc stlmulstloa of tha ejea. praasnts a general taxaooay 
of viwal poxcaias and phenooena. Tha booic'a goal is to pcovldo a daadfleation 
g steP that IntagratBB and ^steoiatizea tha data bcaa of p str ^iai psychotoy into a 
ooasportenave IntoUectual achaoe through netatittoty. Macsivo week aoss oogesl Quite 
tec iwi icaL with 63 pages of tefierenoas in gnmn type. 

Cett, H. p. 6 H. <L Hascidc, Man as a Syrtea Cocapenentv in venCott & 
Klnte^(Bd3.),Euia£n Bngin<?ering Guide to Egu^pmen, McGtaw-^ill, cou. Hew Ycc)c,MY, 1972, 


Ttoban eatodlfint chaptar in a valivihTa source book. The huoan is viewed from n 
infionaatloo pcooocsing perspective with e^pplicatLons for systaea 

H* P* 6 R» Ge Kinkade^ Bd«^ Hu a & n EngincffrinCT Guide to ISoussiGnt DoGion. 
McGaw-aiE Ca, New York, NY, 1963. 

A <±KBfc and wid^ ussd nanad. fear ^stam dgg&gneg intsissbsd in human fectora 
raisiderattona, E r c ritoi tt reading fiar co the job pnrfalgma, Topta an 

introd ucticn to engineering anatysea, a dtxm^ion cf tha human aa ^^stem a>mponent; 

presentatix3n of infdottaticn, auditory and other senst^ ficaans cf inforaaticn 
|yK.ea±n tati oa,^ qyoch oocusunication, man-^machine dyiuuoics, data entry devices, design 
cf control^ individual workpLaoee, imiM-^sumnnadiine work areas, antiiropometzy. 





Van Eekhout, Jw M. 6 ff. B. Rouae, Hunan Eana in Debscticn, Diagnosis, t Coa pa nsatiea Bor 
FeOurea in ths Bngi, IBBS Txaxa oE S^steios Man & Cybernetic:^ VcL SMCU, Ha 12, Dec 1981, 
pp. 813-816. 

This study vas ocnductod in a dnuiatoc to sea how 7 ocevs of cffinnaB hanfflad the 
tasic of oojdng with faflunaa. Mcssuros included verbal psotoccl,cofflputsr logs, and 
queaticnnaixas. RsuKs toow enma invtihdng wxcng indbctLOcstioa c£ tbs Caflusa 
weze jslatad to ignoeanoe of fimctioning of tba ^staa. Eaxta tolatod to s goc e da re 
con:el£tad with ocntzol psaUL layout inad^uede^ Moce yipedflc c penit o r training is 

van Neiv P. L. fi E. Boona, On the LegihOlty ^ Segmented Huoscala^ Human Paetoa, vcL 22, 
Na 4, 1980, pp. 453-474. 

This B BBs at efa csnoenM the dnexioinabQity of segmented raioscala used in acdam 
tBchnology (CRToi Ssmt sego^ted cutaarala con be os^fusad. As thay dlfgacsd in tecse 
line aegmeata, pezocption liapsoved. A set oC nupigala is prcsentod tbat inczoasas 
discsLB^QsbQity and mosts i gggmbiSiBg traditional nussssal tiiapsEt Testing on 

these new stepra not yet p c rft^ .e d . 

Verhagea, L, EL J., Ez^ssimscts with Bar Gzsph Pmoem Supczv^lon Displays cn VDOa^ 

Applied Bsgottontey Vd. 12, Ka 1, 1981, pp, 39-45. 

Bar graph pBeoantsdons of p p3 oa>a veriabtea ere compared with nTtfgiwtLvao 
tetxi^s-typa sod 'T'-type, comhinfid bm: and cttdcs) in Gmednsots with humen 
aibjacta^ udng eithm: an aotomatic tUde pro ^ ae to r or a dmed dxcuit TV systssa. 

The dzoke-typa appears to give aipeoto ceaultB when used for dstecticn c£ 
c£f•^^CSCBU^l CCSiditicOBi 


Waldsn, R. S. 6 M. B. Rousa, A Qumxdng Mo^ of Pilot Decizicn Making in a MuM-T&tdc 
-Plight Manageosit T, ZEBB Txans on Systsmtcv Mei & Cyfaeznetica^ vd. SMC-8, Ha 12, Dec 1978, 
PPL 867- •^S. 

This actida Icxks at the pecblsn of aBocaticn of dgdaion-Baidng rerocosihOity 
between piloc and coapoteit An cspstimaot was conduct untog dmulatsd flight 
c ondition a. A ousquotog nodel that dssctibss pQot docucn-asaktog is isvtowtad. 

Alsa attwrticn Is diroc^ to piredicting pilct pnrfinm anca to a suboystem 
mor..itodng tsok. Tto qusquaiog mcxiel Icnks atixsctive for a castroL and monitodng 
situation, 

Webb AS90CW Anthccpometxic Source Book, VcUHt Annctatad BihTingrnphy c£ Antiscpomatry, 
NASA/Xchnscn Spooe Center, HoustoQ TX, N135f N79-I3712, JUI 1973, 

Volume ni of tte ast is m annotated bihliogxaphy oovedng a bread TOctnim of topics 
relevant to e^jplied pt^fsical anthropology with emphsais cn aixthropometxy end its 
applicatiois in dziog and dsdgn. This oedes of r^erts is not cnly a compcehsnsivQ 
aourco of anthrt^metzLc data but also a guide to the effec t i ve cg^catLon 

of such data. 
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tf^ AssoCf Anthre po aatrLe Source Oook, VcSJCt A Bmdbodc of ADthrc^oetdc Oeta, 
NASA/Crohnscn Spooa Ceater, Eoustcn TX, mssft U79-137U, jul 1978. 

Voluioa n of the three vcilmas ost oeotaias &ta &om survey c£ milit&ry end dviliaD 
populations of both oszos £am the O.S,, Barcps, end Asia. Soma 295 Daesused 
vzzi&bteo aia deScsd and illatmted. 

tfebb Asocw An th sc^ a atdc Source Beck, VdSx Acthn^ostttiY for Dedgoexs^ HASA/Toboean 
Speeo Ceotsr, Bouetcn TX, VSTB9 N79-U734, Jd 1978. 

VcluiBe I cC a 3 voTane puhUcetlcn which hrlnga together a large aaao aS' 
aothrcponkstxic data whd^ dsfiae the ^h^dcal slse^ eesa disttibution peppertia^ and 
^fn&mic CTpahfllrtl^a of D.S. t»d oaSscbcd fiseodgn adult po>pulatigoa. Aiiaed 

to oeet ti» caedB of &gigo eogirtsss engaged in tita dstign and execution 
of clothing, csgdgaent, erxd wcste^ooes fiar the NASA Space s hatOa pxsgran, the aodea 
kt designod to be of tsa to husan engiueess in a wide variaty c£ fieldla. indudea 
physical data. 

Hegsr, C., issue Mphaaumsiic CRT Displays, HASA/tSSFC, Gxscnbdt, MO, 

Sep 1982. 

This is a draft of one psper in a ssiias of ioaie pripea pea pa csd by Ccetputer Scjeraes 
Ccepaxatioa eddressing changing needs a£ HSOCC-1 £3 & aoToa into the TORSS era, 
in particular, the changing oonfigucitiaaa of hacdware and oo^wata. 

Weitzman, C., D^ributad Hkzc/MM Computer S^steni^ Structure, Oopileiaentaticn, 6 AppUca, 
Psontioe-Qall, Ido, Rnglswocd ClifEslU, 1980. 

esd e:tBn^'^^ tceatiacnt of dCTtrihrrtsd or "gu£l'‘pE &waxr systems^ 
ooRceotmting on the int er co a nact a re h lt a ctHto of tBumpgroassor iystiama,COTeis 
netwozic ac^are and hardware, oudysss of eedsting peodacta^ sad practical dsdgn and 
tradeoff tgoced ocoaL Appendices dsOna a nunber o£ data link csitzbL pcetocoSs. 
Noteworthy fist tJistzBuin's discuadon of the GSFC FOCCNET {ystem es an appSicatden 
escaicpte, including rtjquisaffieQts, dedgn epproadi, etna?-hnndltng philOKpt^, and a 
ooofocstive ewilugtian. 

Helfoxd, A. T., Pisneotual Sdecdon and Ihtegzaticn, Ergonoedo, Vci. 13, Na 1, 1970, 
pp. 5-23. 

A good, but aocewtrst dated review of tin Hteratute peetainlng to the pesccptual 
pgQoaaasB of saloction and inbagration of information. Implicatians See dt^play 
design are oensidszad. 

Hhsny, R. J., The Bussan Operator Siiaulator aos, Hcaitadag B^iavior & Supervisory Control, 
Plenum Pneai, New ToeIc, NY, 1976. 

The article denrtlhpw a practical computer simulatioa tod to dmulate human opecatois 
in a variety of trsla. li^put indudss hand roadies^ contzd device manipulaticns^ cfyo 
shifts, and internal deeferi^ Outputs include distrib ution and seguencae of taste 
tijses, devices, and body parts us^ 


315 



original PAGE^ ; 
OF POOR QOAUTT 


W KtffeH R« G. BaR fi G. Old, Sotea Huoan Factccs Amects o£ Coaputer*Ai3ing Ccno^its 
fiar Air TofSc Ccntto, Euoan Fectccs, VoL 22, Ma 5, Oct 1980, ^ 569-580. 

Sets out that phflcsqphy of a p ro g ran of coasputar-aiding o g n < a»r) te 9 £or ths ACT'S 
dnriitnn nutSdng. R<sriava eaaiy tfotfc on tha osnpiiter-CTistad aepros:^ csqcancing 
concept fioc a aajoe aixpoct. Tbs nain topic ia the mteiscti.vQ CcncUct Rcaalutioo 
oonct^ fioc aasfa^.g tha enrouta w n t mTiar in conflict dsteefioR aod mriniittifin- 
Reposts a xaal-dina sLmvCbtiaa e ’ xnar i nsa t in «#hich each of 3 pitm c2 oattcoQoxB 
ac^ as ea executiM/si^pact tsan in handUng *rnmn CTmpi<¥m in a busy aactot; 

Nhiting-O'Ke, F. N. 6 C. G. Kezno^ Study of tbs Human-to-Machine Ptetfaoa Todinoiogy in 
tbs POCCtv SK^ Gneenbelt, HO, P rujsat 6337, Oct 1977. 

This is a final r e port: ftora a HASA-Goddatd gpo n soned reeaaich pcoQact conducted by 
SBL A fiaifiy rtvallow stuo^, nsconoendaticcs fiocueed on hardware dnvicas fioe: 
interaction data booa todinologlfia. 

WiDiaotatp J., Ed., PcztUC Guidelines fix: the Oedgn of Man/Machina interfaces fisr 
Procca Centra^ Purdue I>ah. fiac Applied md. Cceib^ West Lediayetbs, IN, liTQ# AOA0364S7, 

Jan 1977. 

This docuc:ent is Pert VC of a six mluics sat reaulfing fioa the mtcrsatLcnel Purdue 
WcEhchcp on industrial Coaputor Systems hoM over i^ht years (1969-1977). It 
ad dres sa s ovsralL c^xzrations roquirenenta, ocatroL center naguirefflenta^ man/machine 
intsrfacQ design fectess, and impiementatian. The document ia in fixmat and 

a good bibiicepaphy is inriiAH, 

ffiOiama^ R. D., Tha Maiagement cf Seftwaze Development, TRH. 

This docuaent is a set of view graphs used in a TRW prosectatlcn to Goddard maiutgement 
addressing **rhs Management of Software DeveLopmenb 

Hinigea, B. H. & R. C. HiOigeB, Ossr Consideratiens in Cemputer-taesad mformatlcn Systems^ 
VPC/lhduBtdal Enginaering/Opraation, Blad(sburg,VA, Mns# AOA1C6194, S^ 1981. 

This technical report ia a compilation of vadous user consideratiau relating to 
software design cf oomp^tsl^4maed informatioo eystema. Thirteen source documents were 
aimmarizad 2 U>d 500 included. Mzr)cr topics aret data 

oeganizaticn, diaglogue modes, user input devices^ command language euid commeuid 
pcoceasing, fieedbadc and error management, security and disester preventicn, and 
mufidple user communication. This is a helpfiil document for system dedgnezs. 

WilUges, R. C., Applying the Human mfionnation Processing Appeoadi to Human/Computer 
I n te r act, in tf.C. HoveE 6 ELA. Fletshmac(Edt),Huinan Performance and pr, Lawrence Rdbaum 
AtBodatea, BiHsilale, K7, 1982. 

An Intereeting examination of hoamn iitformatiGn pEoceasing fagwi regarding 
human/ooreputer interfiaoea. Daer roles are claasified as sbident, apezatoT'analyst, 
and programmer, suggesting that different uaeis require different interfaces. 
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WSlSgea, R. C. 6 W* W. wdbrviBs, Bchavicsal Heoaarai of Rtcxisw Mental Mccklc^ Huican 
Pact2^3, VdL 21r Jtou 5, 1979, pp. S49-674, 

This article pTGvidss an ictegiatad review of behaviored wodOoad measure odented to 
flight test and evelustiaa aroosi ResiSa fodicata there is no dngla iseaarce of 
mental tfotkload^ Bcg^ e ppcMchas indada using mGassarees subjective opinions 

apare mental capacity, ^sd pt(^si(:^bgic^ coorel&tBe. 

Wiffiffler, W., Remote Co n trol of iSntftlUtes and AppUed Automation, Euzopean Space Operadons 
Center, Darmstadt, FDR* 

This paper provides an introduction to tba aubomatic ioatrasazet ocntzol impSem^stod in 
the Buropacn Space Operaitens Ceiter (ESOCJL 

If Jtbon, Z H., Communic&ting with Micro-Computeis^ Academic Psq3s» Kew Ycdc, HY, I960* 

Xzfxoduces the ncn-epecialirt with eoxca electronics knowledge to the technology of 
communicating with microcomputer^ Covets hardware events of 
ct>mmuniceticn end vedbus microcemputer inteifiaccsa^ inducing DMA, gsiptdcss 

devices and speech re cogrtLden devicea. A lender book (158 text pzges) whi^ 
pcTTidea a bade overview fer the nawoomer and review fisr tte cap^encad* 

Hohl, J. G«, MaintninahCity Pisdiction Revisited; Diagnostic B^mvior, System CoEnplexity„ 
lEBE Trans on Systems, Man 6 CybenK^tics, May 1982* 

Odng n^>Qir tizse fisc compi^ex systems and equipment, it was hypothedred that xxsgadr 
time could be related to the way in whidi maintenance tediniciana interact with the 
eqak)ment and the environmect in the diagnostic p K O c giis aL A throe paramenter 
interzkctive modal was (^svalopad and tz^b^ implicatiens of the modi^ for military 
atandaids, equipment dasign, circuit partitioning, and diagno^ic tsating are 
dlscusaedL 

Wohl^ «L G., Information Automation £ the ApcHo program: A xntzo^>3ctlve, IE^b/SMC 
Transactions, Kew 1981. 

Oting the Apollo program as a caae in point, tte author iUixstzated some of the 
pcci>lems caised by the introduction of automation into complex human-machine systema 
The examples damenstrate how the computer can be used to serve human needs for 
real-time infermation management, processing and du^play in ways which i^p pacple 
very much "in-tha-3oop". 

Woodscxi, W. Ei, Human Fectom Design Handbook, McGraw-HiE Ihc«, New Ycdr NY, 1981* 

An extensive and extremely thozxxsgh text p&cviding information and guidelines for the 
design of systems, facilities^ equipment and products for human xse. Topics include; 
system (xxiceptualiration, subsystem design, component and pcod'uct design, 
anthropometric data, and human engineozing methods 
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Wcc)c.Wom.Bd^ WaoiiDgtBeal&b EaxaxdM £br OfSce Hcdssts, Hcddng Hoiien Educaticn Fund, 
ClavtEiland, OB, Apr 1981. 

THs CBp oe t fiddxeses health and afety issues in the ofSce. It discusses job 
et re s a , \ddeo disptoy terminals, air quality end mentilaticn, dsdgn problems, and the 
zesulta oC a survey cn woiidng women's office hsaltb end si£ety. 
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CHRISTS^ M. MITCHELL 

8510 Wcstover Court 
Springfield, Virginia 22152 
(703) 569-3675 


Decision Sciences Faculty 
George Mason University 
4400 University Drive 
Fairfax, Virginia 22030 
(703) 323-2779 



EDUCATION 

Ph.D., The Ohio State University, Industrial and Systems Engineering, 1930. 
DISSERTATION: The Design of Computer Based Integrated Information Displays. 

M.S., John Carroll University, Mathematics, 1975. 

THESIS: Estimation of the Weibull Parameters by the Metliod of Maximum 
Likelihood. 

B.A., Utiiversity of Dayton, English and Mathematics, 1972. 


RESEARCH INTERESTS 

Modelling and Design of Human-Machine Interfaces 
Design of Computer-Based Information Systems 
Computer- Assisted Problem Solving 
Discrete Event and Real Time Simulation 


PUBUCATIONS 

Mitchell, Christine M. and R.A. Miller, "Design Strategies for Computer-Based 
Information Displays in Real Time Systems." Journal of the Human Factors 
Society, submitted for publication. 

Mitchell, Christine M. and R.A. Miller, "Formal Specification of the Relations 
Defining Model Validity." Proceedings of the 1982 International Conference in 
Cybernitics and Control. October ,1932. 

Mitchell, Christire M. and Greenland, Arnold, "Simulation as a Tool to Assist in 
the Design and Analysis of Decentralized Control Systems," Proceedings of the 
1982 International Conference on Cybernetics and Control. October ,1982. 

Mitchell, Christine M., "Human Factors Dimensions in the Evolution of 
Increasingly Automated Control Rooms for Near-Earth Satellites," Proceedings of 
the 26th Annual Meeting of the Human Factors Society. October, 19ST, 

Greenland, Arnold and Christine M. Mitchell, "Simulation of Decentralized 
Control System," Proceedings of the 10th IMACS World Congress on System 
Simulation and Scientific Computation. August, 1982. 
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Mit<*ell, Christine M., Paula M. Van Balen, and Karen L. Moe (Eds.), Proce^dinRS, 
of NASA-Goddard Symposium on Human Factors Considerations in System Design, 
NASa Conference Proceedings CP-2z46, 1S>62. 

Mitchell, Christine M„ Alexander Bocast, and Lisa 3. Stewart, ••Guidelines on 
Ergonomic Aspects of Control Rooms and Highly Automated Environments/^ in 
Proceedings of NASA-Goddard Symposium on Human Factors Considerations in 
System Design, Mitchell, Christine M., Paula M» Van Balen, and Karen L. Moe 
(Eds.), NASA Conference Proceedings CP-2246, 1982. 

Mitchell, Christine M., ••Human as Supervisor in Automated Systems,^^ in 
Proceedings of NASA-Goddard Symposium on Human Factors Considerations in 
System Design. Mitchell. Christiae M., Paula M. Van Balen, and Karen L. Moe 
(Eds.), NASA Conference Proceedings CP-2246, 1982. 

Mitchell, Christine M., Lisa 3. Stewart, and Alexander Bocast, Human Factors 
Aspects of Control Room Design. NASA Technical Memorandum, 1982. 

Mitchell, Christine M., ••Human-Machine Interface Issues in the Design of 
Ir. rcasingly Automated NASA Central Rooms,^^ Proceedings of the 1982 Annual 
Conference on Manual Control, 1982. 

Mitdiell, Christine M. and R.A. Miller, ••A Conceptual Framework for Model 
Validity.^^ Proceedings of the 1981 International Conference on Cybernetics and 
Society. October 1981. 

Mitchell, Christine M., Human-Machine Interface Issues in the Multisatellite 
Operations Control Center (MSOCC). NASA Technical Memorandum, 1981. 

Mitchell, Christine M. and P.A. Miller, ••A Systems Oriented Approach to- 
Information Display,'^ Proceedings of th» )980 International Conference on 
Cybernetics and Society, October, lt)8(!>. 

Miller, R.A., Christine M. Mitchell, Rajendra Nalayadi, Anant Misal and Chang 
Feng-Chang, Finite State Models of Manned Systems; Validation. Simplification 
and Extensions. U.S.A.F. Office of Scientific Research, Report No. AFOSR-79- 
0015), 1980. 


PROFESSIONAL EXPERIENCE 

DECISION SCIENCES FACULTY. September 1980 to present. George Mason 
Uniyersity. Assistant Professor of Decision Sciences: Graduate and 
undergraduate teaching in the areas of information systems, operations research, 
and statistics. 

DEPARTMENT OF INDUSTRIAL AND SYSTEMS ENGINEERING. 3anuary, 1979 
to August 1980. The Ohio State University. 

Iretructor; ISE 534, ••Introduction to Operations Research and Industrial 
Engineering.'^ 
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May, 1978 to AprU, 1979. 


I^TIONAL REGULATORY RESEARCH INSTITUTE. 

The Ohio State University. 

Resear di Associate:^ Coordinated, modified anc mplemented RAm, a 
Com^teHzed financial analysis model used in the regulation of electric utilities: 
developed and offered a training program for RAm to the staff of state public 
utility commissions. 


INDUSTRIAL AND SYSTEMS ENGINEERING. September, 
1977 to June, 1978. The Ohio State University. 

Teaching Assistant: iSE 760, "Systems Theory;" ISE 435-436, "Introduction to 
Mathematical Statistics," ISE 750.01. "Introduction to Stochastic Processing." 

INTERNAL AUDIT DEPARTMENT. July, 1975 to August, 1976. The Federal 
R«»erve Bank of Cleveland. Auditor; Conducted on-site analyses of procedures 
and penonnel to ensure proper control and efficiency; reviewed and critiqued all 
statistical proposals such as sampling procedures; technicad liaison to various 
internal departments. 

MATHEMATICS DEPARTMENT. September, 1973 to June, 1975. John Carroll 
University. Instructor: Taught "Intro'' ictory Calculus with Business Applications" 
(two course sequence); assisted in "E:-.mentary Fortran" and "Introductory 
Statistics." 


AWARDS AND HONORS 

IEEE System, Man and Cybernetics Society Award for the Outstanding Paper 
Presented at the )981 Outstanding Paper Presented at the 1981 International 
Conference on Cybernetics and Society, October ,1982. 

NASA/ ASEE Summer Faculty Fellowship, 1981. 

Graduate Student Alumni Research Awai*d, The Ohio State University, 1930. 
University Fellowship, The Ohio State University, 1976. 

Leonard A. Mann Award of The Outstanding Senior in the College of Arts and 
Sciences, University of Dayton, 1972. 

B.A., Cu'.i Laude. University of Dayton, 1972. 


HONORARY AND PROFESSIONAL SOCIETIES 

Alpha Pi Mu, The Industrial Engineering Honor Society 
Pi Mu Epsilon, The Mathematics Honor Society 
The Institute for Management Sciences (TIMS) 

The Human Factors Society 

American Society for Engineering Education (ASEE) 

Associatior. of Women in Science (AWIS) 

Institute for Electrical and Electronic Engineers (IEEE) 
Software Psychology 
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USA J. STEWART 

Qcorse Mason University 3327 Lauriston Place 

D&sision Sciences Fairfax, Virginia 22031 

4400 University Drive (703) 698-9268 

Fairfax, Virginia 22030 
(703) 323-3549 

SDUrJATON 

M.A., George Mason University, Industrial/Organizational Psyeholt^, 1982. 
APPLIED THESIS: Human Factors Issues in the Design of Command end Control 
Systems. 

B.A., William Smith College, Psychology, 1980. 

RESEARCH INTBRESTS 

Human Factors in Command-and-ControI Environments 
Humon Information Processing 
Statistical Analysis 

Management and Organizational Development 
PUBUCATIONS 

Stewart, Lisa J., Elizabeth D. Murphy, and Christine M. Mitchell, Humon Factors 
Analysis of Workstation Design: Earth Radiation Budget Satellite Mission 
Operations Room, NASA Technical Memorandum, TM 84943, 1982. 

Mitchell, Christine M., Lisa J. Stewart, Alexander K. Bccast, end Elizabeth D. 
Murphy, Human Factors Aspects of Control Room Design: -Guidslinss and 
Annotated Bibliography. NASA Technical Memorandum, TM 84942, 1982. 
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